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Symposium: Systematics, Present 


and Future 


THIS symposium, organized by Remington Kellogg of the Smithsonian Institution, 
was presented at the annual meeting of the Society of Systematic Zoology in Wash- 


ington, December 29, 1958. 


Introduction 


HE papers in this symposium discuss 

briefly the identification of plants 
and animals, some idea of their distribu- 
tion around the world in space but not 
in time, and some general observations 
on the subject of systematic zoology. The 
first paper covers the present status of 
plant taxonomy. It reports progress on 
the part of botanists in international or- 
ganization and cooperation as well as in 
the assembling of indices of generic and 
specific names. It also indicates a lack 
of specialists in certain fields of system- 
atic botany. Many zoologists voice the 
same complaint. The lack of competent 
specialists in certain areas increases 
every year and I suppose will continue 
todo so. The next paper covers the pres- 
ent status of systematic zoology. The 
methodology involved in systematic zo- 
ology is discussed as well as some idea 
of the progress that is being made in as- 
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sembling lists of specialists who work 
with the animal kingdom. Some of the 
pitfalls that a taxonomist can fall into if 
he doesn’t mind his Ps and Qs, as they 
say, are mentioned. The next paper pre- 
sents some speculation on the future of 
systematic botany. A call for a prompt 
inventory of the flowers of the world is 
made and some idea of anticipated re- 
sults from the new experimental methods 
that are used in approaching this field is 
presented. These speculations do not go 
too far out on a limb because the predic- 
tions to some extent at least are based on 
available equipment, techniques, and pro- 
cedures. The final paper gives one pre- 
diction of the future of systematic 
zoology. This discussion emphasizes the 
procedures which wil! need to be adopted 
if the zoologists handle satisfactorily the 
vast amount of data that is accumulating 
each year. 


The Present Status of 


Plant Taxonomy 


HEN SURVEYING the present sta- 
tus of plant taxonomy one has to 
realize at first that in a thirty minute re- 
view one can mention only the most out- 
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standing features rather than discuss in 
some detail and with examples the pres- 
ent knowledge and problems. I should 
like to speak of two aspects of present- 
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day plant taxonomy in particular: the 
methodology, documentation and inter- 
national organization on the one hand, 
and the actual state of our knowledge 
with man-power on the other hand. It is 
impossible to speak of the various mod- 
ern trends in the border-countries of 
plant taxonomy as experimental taxon- 
omy, cytogenetics, etc., branches of sci- 
ence which are more important from the 
point of view of Dr. Keck who will let 
us look into the future. It is also hardly 
possible to deal satisfactorily with the 
social aspects of our science, the social 
standing, payment, recruitment, and 
teaching of plant taxonomy, and I shall 
have to restrict myself here to a few very 
general remarks. 


Methodology and Organization 


There is no doubt that an advanced de- 
gree of international and national organi- 
zation is characteristic of present-day 
plant taxonomy. Plant taxonomists all 
over the world are united in the Interna- 
national Association for Plant Taxonomy 
(1.A.P.T.) since 1950 and it is remark- 
able not only that such great numbers 
of individual plant taxonomists are mem- 
bers of this nine year old organization, 
but it is also a sign of strength that 
nearly all major taxonomic institutes all 
over the world are also members of this 
association, thus giving it moral and 
financial support. Its members are found 
in 72 countries, there are about 1000 per- 
sonal members and more than 100 insti- 
tute members. 

For the first time, plant taxonomy has 
a central journal dealing with matters of 
methodology and organization. This is 
the journal Tazron, now in its eighth vol- 
ume, which appears nine times per year 
and which reaches nearly 1100 taxono- 
mists and taxonomic institutes. 

I may perhaps be permitted to say a 
few words on the international organiza- 
tion of botanical research. 

This organization is a subject by itself 
to which I can refer only very briefly. 


The International Association for Plant 
Taxonomy is an independent organiza. 
tion of private plant taxonomists and 
private and public taxonomic institutes, 
It is associated with the Internationa] 
Union of Biological Sciences (I.U.BS), 
an intergovernmental organization which 
itself has close ties with UNESCO. The 
financial support to international projects 
comes mainly from this direction; the 
moral support, or scientific sponsoring, 
is by the International Botanical Con. 
gresses (Fig. 1). 

There are three main levels of organi- 
zation: the Congress level, the level of 
the independent organizations and the 
I.U.B.S.-UNESCO level. 

The Congress level is that of scientific 
authority. These congresses have the ul- 
timate decision in all matters of scientific 
policy. This is understandable because 
there we find the opportunity to discuss 
in open meetings the main problems of 
our science. 

The I.U.B.S.-UNESCO level is a less 
well known one although not less in- 
portant. The I.U.B.S. obtains its funds 
from UNESCO through I.C.S.U. and from 
the voluntary contributions of its mem- 
ber states. This money is used to support 
various international projects and con- 
missions. The actual organization is 
rather involved and there is no need to 
go into too much detail. We can say that 
in between the congresses the Division 
of Botany of I.U.B.S. plays the part of the 
overall authority in the international 
botanical field. The sections of I.U.BS. 
have to be based on independent interna- 
tional organizations as for instance the 
LA.P.T. 

Looking at this table from the point of 
view of the I.A.P.T. and the other inde 
pendent organizations we can say that 
like the Roman god Janus, they have two 
faces: one directed to the Congress and 
its subdivisions and one directed to the 
International Union. The Congress face 
asks for scientific authorization, the 
Union face is the beggar’s face, asking 
for financial support. 
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Fic. 1. The international organization of botanical research. 


Names of Plants. As far as the simple 
indexing of plant names is concerned, 
plant taxonomy is yet far from being 
satisfactorily organized. Generic names 
in all groups of plants are now being 
compiled in the Index Nominum Generi- 
corum, a basic card index giving the 
generic names, their places of publica- 
tin, their nomenclatural standing, and 
their type-species. In a few years this 
will be a basic tool for plant taxonomy. 
The way in which this Index is being 
compiled is characteristic of the high de- 
gree of present day cooperation: about 
60 specialists from many countries are 
working at this Index. 

Names of species, however, are not as- 
sembled in one index but in a variety of 
indexes. For phanerogams there is the 
Index Kewensis, perhaps the most im- 
portant single tool of our science. It is 
kept up to date by means of supplements 
which come out rather slowly because of 
the tremendous costs and organization 
involved. The XIIth supplement will ap- 


pear in April 1959. An up-to-date index 
of all names referring to plants from the 
new world is the Gray Herbarium Card 
Indez. 

For cryptogams there are several in- 
dexes which I shall not enumerate. As 
an example of the difficulties encountered 
I may cite my colleague M. A. Donk who 
has stated that a mycologist who wants 
to work in a certain group has to look 
through some 180 volumes or places in 
volumes in order to be sure to have traced 
all names published in his group. For 
phanerogams this is about 28. 

For Musci there will soon be a modern 
Index Muscorum, a work sponsored by 
the National Science Foundation of the 
United States. This Inder Muscorum is 
being compiled by three Dutch bryolo- 
gists, who have consulted nearly all origi- 
nal literature. They receive support from 
colleagues all over the world but it seems 
good to stress here that this important 
compilation would not have been pos- 
sible without the very substantial finan- 
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cial support by the National Science 
Foundation of the United States and of 
the Organisation for Pure Research in 
the Netherlands. This is a good example 
to show how dependent we are for our 
international projects on national institu- 
tions. The Inder Muscorum will list the 
names of 25,000 species of mosses as well 
as their 35,000 synonyms. The first vol- 
ume is now in the press. For Algae, how- 
ever, the situation is less favourable, we 
are still far away from an Index Algarum, 
and on the whole one may say that we 
are still far from having complete and 
easily accessible indexes of specific names 
of lower plants. The National Science 
Foundation is now also sponsoring the 
compilation of an Index Algarum under 
the guidance of Dr. Paul Silva from Ur- 
bana, Illinois. 

Institutes. As far as institutes and re- 
search centers are concerned we have a 
guide in the Index Herbariorum, a pub- 
lication of the I.A.P.T. This Index lists 
about 800 herbaria from all parts of the 
world. The distribution by countries, at 
any rate for the 16 countries with the 
highest number of herbaria, is given in 
table 1. The figures give only a very 
general impression because they say 
nothing on the size of the collections and 


the staffs. I shall therefore return to this 
table later on when we discuss the avail. 
able man power. The number of mem. 
bers of I.A.P.T. is interesting here: the 
table shows, for instance, the great num. 
ber of members in the United States, 

A very important thing for taxonomists 
is to know the whereabouts of type-speci- 
mens and of collections in general. It js 
precisely for this purpose that the Indez 
Herbariorum was started. Apart from 
giving a list of herbaria and their staffs, 
the Index Herbariorum, in other vol. 
umes, provides lists of collectors with in- 
dication by means of standard abbrevia- 
tions of the herbaria in which their 
collections are preserved. These lists are 
of help for those who are searching for 
type-specimens and we can already say 
that the parts hitherto issued give a good 
picture of the whereabouts of nearly all 
major and many minor collections made 
before 1940. The zoologists among you 
will notice that in botany we do not try 
to establish inventories of type speci- 
mens. This has proved to be too difficult 
and too time-consuming. We try to lo 
cate the type-specimens by means of the 
name of the collectors and (later) by 
means of the name of the author. 

The total number of specimens brought 


TABLE 1—NUMBER OF SPECIALISTS IN PLANT TAXONOMY, NUMBER OF HERBARIA, AND NUMBER OF 
MEMBERS OF I.A.P.T. IN SIXTEEN COUNTRIES 


SPECIALISTS 

NO. % 
1 United States 515 26 
2 Great Britain 163 9 
3 Germany 92 5 
4 U.S.S.R. 82 4 
5 France 80 4 
6 Japan 80 4 
7 Canada 78 4 
8 Netherlands 67 3 
9 India 61 3 
10 Australia 43 2 
11 Sweden 42 2 
12 China 33 1 
13 Brazil 33 1 
14 Union of S. Afr. 31 1 
15 Argentina 29 1 
16 Italy 25 1 
TOTAL 1900 100 


Ni bb to 


1.A.P.T. 

HERBARIA MEMBERS 
a en a——[{——, 
NO. % NO. % 
211 26 392 37 
44 53 104 10 
31 4 50 5 
41 5 3 = 
41 5 36 3 
46 6 21 2 
46 6 45 + 
8 1 58 5 
10 1 24 2 
12 14 19 2 
10 1 32 3 
36 43 2 = 
24 3 44 4 
14 2 12 1 
14 2 13 1 
34 4 7 — 
800 100 1060 100 





PRESEN’ 


—— 


togethe! 
100 and 
speciali 
barium 
50,000 t 
Direc 
ture of 
Directo’ 
the coll 
LA.P.T 
vey of 
shall cc 
discuss 
plants. 
Nome 
briefly 
omy: 7 
ous ses 
plained 
collabo! 
has bee 
are not 
permar 
Interna 
dling tl 


40 


“as ie 


Number of Periodicals 
ry 


a 


Fic. 2 





> ee oe Oe ee Os ae ee OT ee eel 





PRESENT STATUS OF PLANT TAXONOMY 


63 





together in public herbaria lies between 
100 and 150 million. We have about 2000 
specialists, so statistically each her- 
barium taxonomist has the care of some 
50,000 to 75,000 specimens. 

Directory of Specialists. Another fea- 
ture of international organization is the 
Directory of Specialists. Again thanks to 
the collaboration between the N.S.F. and 
| A.P.T. we now have an up-to-date sur- 
vey of specialists in plant taxonomy. I 
shall come back to this Index when I 
discuss our actual knowledge of the 
plants. 

Nomenclature. I shall speak only 
briefly of that other main tool of taxon- 
omy: nomenclature. In one of the previ- 
ous sessions Dr. H. W. Rickett has ex- 
plained that here too a high degree of 
collaboration and mutual understanding 
has been reached although our problems 
are not yet settled. Still, we now have a 
permanent organization set up by the 
International Botanical Congress han- 
dling these matters and this is undoubt- 








edly of advantage to all taxonomists. The 
Congress, or rather its Nomenclature Sec- 
tion, appoints nomenclature committees 
to deal with all problems that have been 
referred back for further study (con- 
servation of names, e.g.) or that may be 
brought forward in between Congresses. 
These committees work under the aus- 
pices of the I.A.P.T. 

Literature. The listing and abstracting 
of the literature has been rather incom- 
pletely dealt with. We all know Biologi- 
cal Abstracts of course and a new jour- 
nal Excerpta Botanica will, from now on, 
give a practically complete coverage of 
the field. As in all branches of science 
the enormous growth of the literature is 
one of the major problems facing taxon- 
omists (Fig. 2). 

Summary. Summing up we find that 
there are the following positive aspects 
in methodology and organization: 


(1) a strong international organization 
(2) up-to-date lists of herbaria, collec- 
tions, staffs, specialists 
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Fig. 2. Growth of biological research periodicals. From Biological Abstracts, vol. 31, no. 7. 
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(3) a reasonably sound nomenclature 

(4) an overall index of generic names 

(5) a good index of specific names of 
higher plants only. 

The situation is less favourable with 

regard to 

(1) indexes of specific names of lower 
plants 

(2) the listing and abstracting of litera- 
ture (although there are good pros- 
pects). 


Actual Knowledge of Plants and 
Numbers of Workers 


The number of workers listed in our 
recently published International Direc- 
tory of Specialists in Plant Taxonomy is 
about 1900. These 1900 specialists are 
perhaps not all working full time on plant 
taxonomy in a strict sense; most of them 
have other duties as well. Still we can 
keep this figure of 1900 in mind when 
looking at the picture which I should like 
to show giving the distribution of these 
taxonomists over the various fields of 
plant taxonomy. But first I should like 
to return for a few moments to my 
table 1, because here you will see the 
distribution by countries of specialists 
and herbaria. Under-developed countries 
as far as taxonomy is concerned are those 
that have a lower percentage of taxono- 
mists than of herbaria. The table speaks 
for itself, so let us now turn to the next 
table (table 2) in which the number of 
plant taxonomists is given per million in- 
habitants. We find that the United States 
and Great Britain have an equally high 
proportion. I should at once say that 
figures like these are apt to be mislead- 
ing: they illustrate certain trends but we 
should not attribute too much value to 
them. The U.S.S.R. has a low proportion 
here mainly because it is so difficult to 
obtain sufficient information. The actual 
proportion will undoubtedly be higher. 

A small group of countries have a 
rather high proportion: Canada, the 
Netherlands, Australia and Sweden; they 
have relatively small populations but a 


TABLE 2—SPECIALISTS IN PLANT Taxonomy 
PER MILLION INHABITANTS; NUMBERS IN Paggy. 
THESES ARE THE ACTUAL NUMBERS, FROM Tapie} 


1 United States 3.4 (515) 
2 Great Britain 3.3 (163) 
3 Germany 1.3 (92) 
4 U.S.S.R. 0.4 (82) 
5 France 1.8 (80) 
6 Japan 1.1 (80) 
7 Canada 6.2 (78) 
8 Netherlands 6.7 (67) 
9 India _ (61) 
10 Australia 5.5 (48) 
11 Sweden 5.5 (42) 
12 China — (33) 
13 Brazil 0.8 (33) 
14 §. Africa — (31) 
15 Argentina 2.0 (29) 
16 Italy 0.5 (25) 


high level of research. The actual figure 
for the Netherlands is flattered because 
the compilation of the Directory of Spe. 
cialists in Plant Taxonomy was done in 
that country. 

Let us turn now to the next figure (3) 
in which we find the distribution of the 
specialists with regard to the major plant 
groups. We find that of our 1900 special- 
ists, 60% are working on the flowering 
plants or phanerogams, 14% on Fungi, 
10% on Algae, 8% on mosses, 6% on Bac- 
teria, 3% on lichens, and 2% on ferns. 
The total exceeds one hundred percent 
because of a certain overlapping; there 
are always people who work in two 
groups. 

The thing to do now is to compare 






WZ, specialists (+1900) 
WM species (+ 42000) 


PHAN. | FUNGI | ALGAE} BRYO.| BACT. | LICH. 








Fic. 3. Distribution of specialists in plant 
taxonomy per group and compared with the 
size of the major plant groups. 
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these numbers with the numbers of spe- 
cies hitherto described and then we find 
the number of specialists available for 
Fungi, Bacteria, mosses and Algae per, 
let us say, 100 species, is distinctly higher 
than for flowering plants. It would go 
too far to discuss the reasons for this 
state of affairs: we can only say that it 
is surprising. It is often said in Botany 
that the phanerogams receive much more 
attention than the cryptogams. How- 
ever, 75% of all plant species are phan- 
erogams and only 60% of all specialists 
work on this group. Cryptogams receive, 
per number of species, a much higher at- 
tention. There are of course great differ- 
ences in approach and methods, but these 
figures are so striking that relatively 
speaking the cryptogams are better off. 
When we go into more detail we find that 
in all groups there are important families 
and orders for which the numbers of 
specialists are very low. In the flower- 
ing plants for instance we have per hun- 
dred known species three times more spe- 
cialists for the legumes and the grasses 
than for the palms and the orchids. For 
such a family as the Dipterocarpaceae, of 
prime economic importance in the old 
tropics, we list three specialists of which 
not one has the family as his main spe- 
cialization. 

In the Fungi the situation might look 
better because of the relatively high num- 
ber of workers. Still this number is flat- 
tered; most mycologists specialize com- 
pletely in small groups which are of di- 
rect practical importance. Only a few 
mycologists are involved in basic taxo- 
nomic work of a wider scope. There are 
also only a few institutes in the world 
where such basic work is possible because 
of the available library and herbarium fa- 
cilities. I may mention perhaps Beltsville 
(National Fungus Collections), the Com- 
monwealth Mycological Institute at Kew, 
and the Mycological Department of the 
Department of Agriculture at Ottawa. In 
Figure 3, I take the number of species of 
Fungi at 40,000. G. W. Martin, however, 


one of our leading mycologists, has shown 
on good grounds that very likely there 
are as many species of Fungi as there are 
species of flowering plants. What an 
enormous field of research still lies before 
our mycologists if only one out of seven 
species has as yet been described. As far 
as man power to deal with this task is 
concerned we have to say that for im- 
portant groups of mainly tropical Pyre- 
nomycetes, Discomycetes, Fungi Imper- 
fecti, and even agarics and polypores, 
there are very few specialists at the mo- 
ment. We may perhaps say that the 
Fungi are to be compared with the in- 
sects: enormously rich in numbers and 
only very imperfectly known. 

As concerns the Algae we also find rela- 
tively more specialists than for the phan- 
erogams but still we may say that we lack 
specialists for at least 50% of the genera 
or families. 

One of the prime needs in algology is 
of course the index of specific names, and 
apart from that it may be said that far 
too many algologists still do floristic work 
without bothering to make sure what 
they are really talking about. There is a 
very great need for monographic work 
here. It is a disappointing fact that many 
of the great taxonomic centers do not 
even have an algologist on their staff 
and again it must be said that, as in the 
Fungi, the basic work must primarily be 
done at the few major institutions where 
the literature and the types are available. 
There are only a very few institutes 
which are solely devoted to algological 
research, and also very few general her- 
baria at which more than one algologist 
works. 

In bryology the situation is very simi- 
lar to that in algology. Mostly bryologists 
are concerned with floristic work and 
there is a great need for basic mono- 
graphic work or revisionary work on a 
large scale. One of the greatest handi- 
caps for modern bryologists is the cir- 
cumstance that the Berlin herbarium was 
destroyed during the war. This her- 
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barium contained the Bridel and Miiller 
collections which were astonishingly rich 
in type specimens of which there were 
only a few duplicates. For bryology this 
means the same as if for phanerogams, 
for instance, the British Museum her- 
barium and the collections of the Lin- 
nean Society were destroyed. There are 
only a few bryological research centers 
in the world. In the United States I 
might mention Cincinnati, in Japan the 
Hattori Institute, in the Netherlands the 
Groningen Institute. On the staff of most 
general herbaria we find only one bryolo- 
gist or none at all. Many of the special- 
ists on the group are isolated or are 
amateurs. 

As concerns the flowering plants we 
may say that we live again in an age of 
floras and floristic work. If I may leave 
the present for a moment, I should like 
to point out that there has been a certain 
cyclic development in the past. The 
second half of the 18th century was the 
age of the building up of the Linnaean 
system. This was followed by a half cen- 
tury of synthetic and monographic work: 
the age of the Prodromus of Decandolle, 
to be followed in its turn in the second 
half of the last century by a phase of flo- 
ristic work: the big colonial floras and the 
Flora Brasiliensis, for instance. The first 
part of this century, under the powerful 
influence of Engler, was again a phase of 
synthesis, and now, in our present time, 
floristic work is again dominating. 

If there is anything characteristic of 
present day plant taxonomy it is the great 
preponderance of regional work and the 
relative lack of overall monographic 
work. Our time is not a time of colonial 
floras, but might well be called the time of 
the floras of the ex-colonies. The various 
waves of nationalism have created a 
favourable climate for national floras in 
many parts of the world and in several 
of the largest plant taxonomic research 
institutes of the world, let me quote, out- 
side the United States, Kew, Paris, the 
British Museum, Leiden, and Brussels, 


nearly all taxonomists are working on 
special floras rather than on monographs 
or works of general synthesis. 

This wave of floristic activity is illus. 
trated by the map which I am now going 
to show (Fig. 4). I shall not enumerate 
floras. The map shows in a very general 
way the present day activity, not the 
floras of the past. It is not accurate in 
details, I have drawn it just to give a 
general impression of the floristic work 
of the present and I am sure that it can 
be improved upon in many ways. Sevy- 
eral regions are now adequately covered 
and are being actively studied. Tropical 
Africa is a good example. Territories for 
which no really great flora projects are 
in progress are, for instance, Brazil (es- 
specially Amazonia) and China. For the 
rest the map tells its own tale: it is not 
exact, certainly not, it just gives recent 
trends rather than precise information. 
The great degree of splitting is well illus- 
trated by the work on the flora of Africa. 
Not less than 13 floras are currently 
issued, dealing with parts of Africa. One 
wonders, with the workers in these fields, 
whether a greater degree of co-ordination 
would not be desirable. That this is so is 
also shown by the AETFAT, an associa- 
tion of workers on the African flora, 
which does very useful co-ordinating 
work. 

This floristic age poses another prob- 
lem. We have already seen that, espe 
cially for flowering plants, the numbers 
of available plant taxonomists (special- 
ists) are rather low. The greatly in- 
creased field activities of the recent years 
send an ever-increasing stream of ma- 
terial to the main centers of research, ma- 
terial that has to be identified. Most of 
this work is routine work but many 
workers are really swamped by these 
tasks. But when doing this they feel 


again the immediate need of up-to-date 
floras, and when they start working on 
these floras they realize that still more 
urgent at the moment is the basic mone 
graphic work, which as I have said, is 
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not being done on any large scale. For 
cryptogams especially, I may add that 
there is a need for more research centers 
because the development of science is 
greatly helped by teamwork and by close 
cooperation of specialists in a single in- 
stitution. Far too many of the major in- 
stitutes have only one staff member for 
each major group of cryptogams. 

All this points to the need for an in- 
crease in man power. I cannot go into 
the present situation of the teaching and 
training in plant taxonomy. More tax- 
onomists have to be recruited, but then 
there ought to be more and better paid 
jobs available. We have an insufficient 
number of training centers in classical 
plant taxonomy, but to discuss all this 
would take too much of our time. 

One might well ask why the number of 
plant taxonomists is so low. On the one 
hand the training is a rather difficult, 
sometimes even tedious one, and is rather 
time-consuming. On the other hand stu- 
dents often turn to branches of our 
science in which more and better paid 
jobs are available. Other circumstances 
are that there are relatively few good 
training centers for plant taxonomy and 
that taxonomy is not held in high regard 
by the public and in some countries even 
by governments, subsidizing agencies, 
and even by some botanists. All this does 
not create a very favourable climate for 
systematics. The solution of these prob- 
lems is obviously a thing of the future, 
but it may well be said that these social 
aspects of being a taxonomist have a 
great influence on the state of taxonomy 
of today. 


Summary 


Summing up I should like to say that 
the present status of plant taxonomy is 
characterized by: 


(1) a high degree of international or. 


(4) 


(5 


(6 
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) 


— 


ganization and cooperation. 

a sufficient amount of basic docy- 
mentation, indexing, and dealing 
with nomenclatural problems. 
intensive floristic and descriptive 
work in plants. Many floras, espe. 
cially of flowering plants, are being 
prepared and published, much ma- 
terial is being assembled. Good 
teamwork is done in this respect at 
a great number of institutes. 
greatly specialized work in tax- 
onomic mycology, work of regional 
character in various other groups 
of cryptogams, but a conspicuous 
lack of research centers for crypto- 
gams and a lack of opportunity for 
teamwork. 

a far too small number of special- 
ists faced with huge tasks of ex- 
ploring new fields (as in mycol- 
ogy) or of identification. The in- 
flux of new material is one of the 
main problems everywhere. 

a relatively small amount of syn- 
thetic and monographic work, and 
a great need for it. Only very few 
taxonomic centers dedicate them- 
selves to this type of work. 


is active in the Inter- 


national Association for Plant Taxonomy in 
Utrecht. 
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The Present Status of 
Systematic Zoology 


ANY zoologists have used the terms 

systematics and taxonomy as syn- 
onymous, usually referring to the classi- 
fication, description, and naming of the 
kinds of animals. This practice leaves 
several of these aspects of systematizing 
without distinctive terms. For some years 
the officers of the Society of Systematic 
Zoology have found it convenient to em- 
ploy the term systematics in the broad- 
est possible sense, including all aspects 
of kinds of animals, their segregation, 
classification, comparative features, dis- 
tribution, and evolution. For the specific 
arrangement of kinds and groups into a 
system, the term classification is most 
appropriate, and for the work on species 
and their segregates the term taxonomy 
is available. 

It is with taxonomy alone in this sense 
that we are concerned here—the segre- 
gation, naming, and identification of gen- 
era and species and lesser groups. This 
is no small part of zoology, since it in- 
volves the observation and recording of 
thousands of facts about each one of the 
kinds of animals on the earth—at least a 
million kinds now and probably several 
times that many before we are through 
discovering new ones. Just what these 
facts to be recorded include cannot be 
stated simply, because they vary from 
group to group. At present they usually 
include external structure, comparative 
details, distribution, ecological prefer- 
ences, and life history, and in some cases 
comparative physiology, host and para- 
site relationships, habits, breeding data, 
geological occurrence, and many others. 
As new fields of knowledge about the 
kinds become available, taxonomy gradu- 


R. E. BLACKWELDER 


ally assumes the job of incorporating this 
new type of information into the system. 
It has come to be common usage to re- 
fer to the older systematics as “morpho- 
logical” and the newer work on certain 
groups as “biological,” implying that the 
latter takes account of other data than 
just structure. This is a misconception 
based largely on the state of knowledge 
in the higher vertebrates, where tax- 
onomy has progressed most rapidly. In 
recent years, good taxonomists in many 
fields have recognized the need to record 
and incorporate data from all possible 
fields. In some groups, structure is still 
almost the only known source of data, 
whereas in groups like some of the in- 
sects there is coming to be available a 
large number of data of a varied nature. 
The good taxonomist is not the one who 
subscribes to the so-called New Systemat- 
ics but the one who actually uses every 
possible source of information for his 
work and adds most to the available 
knowledge of the animals he studies. 
There are groups of organisms of which 
almost nothing is known except struc- 
ture. There are others in which little is 
known except physiological reactions. 
There are some in which the only distinc- 
tive features are ethological—the habits 
or behavior; or ecological—the relation- 
ships to their surroundings; or geologi- 
cal—the occurrence in the stratigraphic 
sequence. Specialists on these groups are 
not second class taxonomists just because 
their work is at a less advanced stage 
than that of some others. The stage of 
development of the taxonomy is the re- 
sult of several factors—the accident of 
someone choosing the group for study, 
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the inherent difficulties in the material 
itself, the length of time the group has 
been known to science, the economic im- 
portance of the group, the ease of collec- 
tion, the availability of quantities suffi- 
cient for statistical analysis, the possi- 
bility of experimentation, and so on. 
These all have influenced the stage of 
development of the taxonomy in various 
groups. 

It is sometimes forgotten that taxono- 
mists have repeatedly found the non- 
structural data about kinds to be exactly 
correlated with some structural features. 
Since the structural features are often 
easier to observe and record, taxonomists 
tend to use them and omit detailed refer- 
ence to the correlated non-structural fea- 
tures. Sometimes the structural features 
were not seen until the behavioral or 
physiological facts led to their discovery. 
Once a correlation is established, it seems 
unnecessary to record both types of data, 
but it is still not correct to say that the 
taxonomy is purely morphological. 

Taxonomy, then, is the work carried on 
by taxonomists, whether it be segrega- 
tion of ecological races of mammals, de- 
scription of new species of mites, or the 
discovery of whole new families and 
orders in such a little known group as 
the Pogonophora. Any implication that 
any stage is more scientific or modern or 
necessary than the others can result only 
in increasing the isolation between work- 
ers and thus delaying the spread of new 
information and techniques. 

Taxonomy is today at a point at which 
it must recognize the wide range in its 
development in different groups. It will 
advance most rapidly by increasing the 
means of obtaining and analyzing data 
and of recording and communicating 
them. Taxonomy can only be retarded by 
the use of labels that imply that some tax- 
onomists are old-fashioned or that some 
reputedly new development is more sci- 
entific than the older ones. It can only 
be retarded by implications that all tax- 


onomists must adopt certain viewpoints 
if they are to be accepted as scientists, 

For nearly two decades taxonomy has 
been under the influence of a series of 
books that attempted to broaden the base 
of systematics, to make it more cognizant 
of other aspects of biology. The effect of 
these books was considerable and very 
much to the advantage of taxonomy. But 
soon this new way of talking about tax. 
onomy came to be looked upon as the 
only acceptable one, and several books 
have almost ridiculed the older type of 
work. The ridicule or criticism was 
largely unjustified and served chiefly to 
show that the authors were unaware of 
the range of problems and factors in the 
wide spectrum of the animal kingdom. 
It is interesting to note that these books 
on the new systematics were not the in- 
ventors of the new viewpoints. They 
were the result of the increasing use 
of data from many fields by taxonomists. 
They merely recorded what was taking 
place and gave us a chance to think 
about it. 

Surely there has been bad taxonomy— 
bad in many ways. And even workers 
whose work was all poor. To some extent 
these are concentrated in certain fields, 
but this is accidental; there is good and 
bad work in all fields. But no taxonomist 
need feel that his work is inadequate just 
because he uses no statistics, cannot trace 
any phylogenies, has no chance of breed- 
ing his animals, or is still at the stage of 
describing new species and new genera 
in large numbers. He will finally be 
judged on quite other criteria than his 
ability to discuss his organisms in terms 
of subspecies, clines, breeding popula- 
tions, evolutionary trends, or isolating 
mechanisms. There is enough straight 
classification still to be done on animals 
to keep many of us busy as long as we 
shall be able to work. 

It would be unreasonable to label all 
these things as fads, and yet the new sys 
tematics as a whole has been forced on 
taxonomists very much in the manner of 
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a fad—you either join “the boys who 
know” or else you will be branded as an 
old fogey. Look at recent periodicals and 
note how often a paper is labelled “The 
Evolution of the Elephant-Worms” (or 
some such group) when in reality it is 
nothing but a contribution to the classi- 
fication of these organisms and does not 
directly deal with their evolution. There 
is nothing wrong with writing a paper 
frankly on the taxonomy of a group, and 
the use of the word evolution in the title 
serves no useful purpose unless the paper 
makes a direct contribution to that sub- 
ject. 
The Present 


I am supposed to limit myself to the 
status of taxonomy at the present time. 
This is a quite impossible task, because 
there is no such thing as the present. 
The instant an event occurs, it is past, 
and until it occurs, it is future. Literally, 
the present is too short for us to talk 
about it. It has been said that the past 
is but prelude to the future, and we are 
here concerned with that part of the im- 
mediate past which is the springboard 
for the future. How the springboard 
came to be is in the more distant past 
and is the concern of history. What the 
future will be like is a matter for specu- 
lation, rather than of analysis. 

The only way we can talk about “the 
present” is to deal with a period of the 
recent past that represents the time 
necessary to gather the data on what is 
going on in this particular endeavor. For 
us, this time is about two years, the 
period during which the Society of Sys- 
tematic Zoology and the International 
Bureau for Plant Taxonomy and Nomen- 
clature have been conducting their sur- 
veys of taxonomists of the world. The 
survey of zoologists is still incomplete, 
but we can draw some estimates from it. 
These are almost the only actual data 
how available about zoological taxono- 
mists as a group, most other estimates 
being based largely on personal experi- 
ence in some restricted group. 


In thinking about taxonomists we may 
raise some of these questions besides the 
one already mentioned: “What is a 
taxonomist?” How many taxonomists are 
there? Where do they live and work? 
Are they professionals or amateurs? Are 
they individually adequately trained for 
their work? Do they altogether deal with 
all groups of animals throughout the 
world? Are all these groups well known? 
Is the work finished on any of them? Is 
taxonomy still needed? Are there enough 
taxonomists for the job? Is there a large 
or a small volume of contributions being 
made at this period? Are there ways in 
which taxonomy can be improved? 

It would be very instructive to follow 
up each of these questions, but I can pre- 
tend to have answers to only a few of 
them, so we must be content to look at 
these only. 


Directory of Taxonomists 


The organization of the Society of Sys- 
tematic Zoology just ten years ago gave 
zoological taxonomy its first good chance 
to study the field and evaluate its status. 
It was not an easy thing to do and sev- 
eral efforts came to nought. We made a 
survey of the teaching of taxonomy in 
American colleges, but the results were 
never summarized or published. The sur- 
vey served merely to show that there is 
more direct teaching of taxonomy than 
some of us realized. 

Two years ago the National Science 
Foundation consented to support a sur- 
vey of the persons capable of making 
identifications of the various groups of 
animals and plants, and the Society of 
Systematic Zoology undertook the zoo- 
logical part of this program. Unlike the 
botanists, we had no previous experience 
in reaching taxonomists all over the 
world, no directories of institutions spon- 
soring taxonomic work. We also had a 
far larger potential list, presumably be- 
cause a much larger group of organisms 
was involved. 

So the production of a Directory of Zoo- 
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logical Taxonomists was a formidable un- 
dertaking which is not yet completed. 
Furthermore, the officers of the Society 
of Systematic Zoology believed that the 
list could not be restricted to qualified 
identifiers, as there is no practicable way 
to determine qualifications. And there 
were seen to be great advantages to a 
more inclusive directory of all those 
working on the taxonomy of any animals, 
whether or not they meet certain quali- 
fications or are willing to undertake iden- 
tification work for others. Furthermore, 
the Society of Systematic Zoology planned 
to include workers on fossil forms as well. 
It was thought that there might be four 
or five thousand possible taxonomists to 
be considered. 

Besides the job of getting detailed in- 
formation about each taxonomist, the So- 
ciety was faced with the problem of get- 
ting names and addresses of these people 
all over the world. Very few published 
sources of such names were available, so 
it was necessary to ask the known tax- 
onomists to tell us who else is working 
in their specialties. Accordingly a ques- 
tionnaire was sent out to 1400 SSZ mem- 
bers, 500 entomologists of the Pacific 
area, 150 European nematologists, 350 
acarologists of the world, 220 Japanese 
workers in all fields, 150 from Africa 
south of the Sahara, about 1000 paleon- 
tologists of the world, and many others, 
asking for data about themselves but par- 
ticularly for additions to our preliminary 
lists. The responses were varied but very 
substantial, and several thousand addi- 
tional names have been received. Each 
of these persons has now been sent ques- 
tionnaires, and the majority have replied. 

The response has been very uneven. 
In groups where the preliminary lists 
were reasonably good, as in the Acarina, 
the missing names were quickly filled in. 
But where the preliminary lists were en- 
tirely inadequate, as in the paleontolo- 
gists, most workers apparently felt it was 
not worth the effort to send additions. 
Fortunately, a few taxonomists recog- 
nized the value of the Directory and came 


to our rescue, so that in most groups we 
now feel that at least a reasonable show. 
ing can be made. 

Incidentally, a good many taxonomists 
referred us to various society member. 
ship lists as sources of names of special- 
ists. Unfortunately, we have found that 
these are very unreliable sources of the 
information we needed, unless some help- 
ful person was willing to annotate such 
a list. In most published lists, addresses 
are not given in full or are too often out 
of date, and non-taxonomists are included 
in considerable numbers. 

It has been suggested that the first edi- 
tion of such a directory will of necessity 
be incomplete, but that the publication 
of it will bring in corrections and addi- 
tions for later editions. Unfortunately, 
there is no reasonable prospect of further 
editions in the near future, so we must 
do as well the first time as possible. The 
botanists have an advantage over us in 
having a permanent office that can deal 
with such matters on a long-range basis. 

Specifically, here is what has been done 
so far on the Directory of Zoological 
Taxonomists. Questionnaires have been 
mailed to some 7000 persons believed to 
be taxonomists or to have an interest in 
some group sufficient to make useful 
identifications of specimens from some 
region. About 5500 of these people have 
returned data about themselves, with less 
than 1% disclaiming any special knowl- 
edge sufficient to justify including their 
names. 

Probably about 2000 more question- 
naires will be sent out this winter to 
bring the total to 9000. We expect to re- 
ceive replies from a total of about 7000 
of these. This is the probable number to 
be included in the Directory of Zoological 
Taxonomists. 

It is not possible at present to segre- 
gate these accurately by the animal group 
involved, but some estimates may be of in- 
terest. The paleontologists constitute 20% 
of the total, with specialists on Foramin- 
ifera naturally predominating. Among 
the Recent species the invertebrates con- 
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stitute 75% and the vertebrates 25%. The 
Insecta alone account for half the special- 
ists on invertebrates or one-third of all 
taxonomists. Parasitologists form 10% of 
the total or 4 of the invertebrate spe- 
cialists. 

These figures are evidently not very 
close to the proportions of known species 
in these groups, since invertebrates out- 
number vertebrates at least 10 to 1 rather 
than 3 to 1. It is quite evident that 
groups of economic importance, such as 
Foraminifera, Acarina, and Diptera, have 
a much larger percentage of workers. 

There is nothing surprising about all 
this. We could have predicted it fairly 
closely. It is a surprise, however, to find 
the total number of taxonomists so large, 
nearly double what was expected. 

A major problem of the Directory is the 
classification of the animals in which 
these specialists will be listed. There is 
no generally accepted classification, so it 
has been necessary to prepare a new one 
that will be suitable for our purpose. 
This is a tremendously difficult job, be- 
cause some workers work on large 
groups, some on a single genus; some 
work on all fresh-water animals, others 
on marine ones; some work on geographi- 
cally limited areas, others on ecologically 
limited ones; and so on. The classifica- 
tion adopted in the Directory will neces- 
sarily be a modified one with special fea- 
tures. It is hoped that the complete new 
classification can be published separately 
in the near future. 

Some of you will be interested to know 
the extent of our coverage of the central 
European and Asiatic countries. Very 
few taxonomists from these areas were 
included in any of our primary sources, 
but gradually we obtained a very sub- 
stantial number from Czechoslovakia, 
Poland, Roumania, Jugoslavia, and Bul- 
garia. More recently many Russians have 
replied, sending further lists. By no 
means complete coverage has been at- 
tained in these areas, but a great advance 
is made over previous knowledge of spe- 
cialists in these countries. The People’s 


Republic of China is almost unrepre- 
sented, but Japanese taxonomists have 
responded in large numbers. Southeast 
Asia has produced few names, partly be- 
cause outsiders have done much of the 
work there. Australia and New Zealand 
are well represented, and also Latin 
America. Africa is probably fairly well 
covered, thanks to recent lists of taxono- 
mists there. Of course, the North Ameri- 
can taxonomists are covered most com- 
pletely, but European workers have re- 
sponded so well that they are probably 
nearly as well covered. Workers in more 
than 80 countries are already listed. 

The Directory grant from the National 
Science Foundation has been extended 
for another year, because of the much 
larger number of workers than was an- 
ticipated. Publication is expected late in 
1960. It is still our intention to acknowl- 
edge the cooperation of each taxonomist 
by sending complimentary copies to all 
who have cooperated. 

Perhaps a word about the form of the 
zoological Directory would be of interest. 
First the names of the workers will be 
listed under the names of the groups in 
a systematic arrangement of the animal 
kingdom. Then all the workers will be 
listed in alphabetical order, with mail ad- 
dress, limitations of their interest (by 
geography, life history stage, geologic 
age, and so on), and their willingness to 
identify specimens. Here also will be in- 
cluded taxonomists who have died re- 
cently or become inactive, so that their 
omission from the Directory will be ex- 
plained. Thus the Directory will serve 
not only as a guide to the workers in each 
group and a guide to the interests of each 
worker but also as an address book. Un- 
fortunately, in this latter respect it will 
already be out of date by the time of pub- 
lication. 


The Training of Taxonomists 


Although the Directory will tell us 
something about the number of taxono- 
mists, their specialties and where they 
are working, as well as how many are 
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working on each group and where the 
unworked groups are, it does not answer 
any of the other questions about the 
quality of the work, the needs of the 
workers, or the training necessary for 
good taxonomic work. 

This matter of the training is a very 
important one. I do not want you to think 
that I believe that a Ph.D. degree should 
be a prerequisite to all taxonomic work. 
Quite the contrary. Such a degree is no 
assurance whatever that one understands 
the basic concepts of taxonomy. What is 
important is that these concepts be under- 
stood and that the methods of utilizing 
them be known and used. There are too 
many examples of large works by experi- 
enced taxonomists in which the failure to 
use some basic concept has seriously de- 
tracted from the usefulness of the paper. 
If, for example, he fails to deal with the 
genotypes, he may leave all his generic 
names in doubt, all his generic synonymy 
in question, the generic assignment of 
every species subject to revision, and 
virtually every aspect of nomenclature 
affected. Without adequate names, the 
data recorded are usable only if someone 
re-does much of the work. 

Such a monograph will force subse- 
quent workers to spend almost as much 
time in correcting and amending as was 
spent on the original study. A single 
omission in the training and experience 
of that taxonomist would have seriously 
detracted from the value of years of work. 

The technical aspects of nomenclature 
are offensive to many zoologists, including 
even some taxonomists. Yet, as long as 
we expect our names to be universally 
recognizable, we must have universally 
accepted means of determining the names. 
Genotypy is one of the most important 
of these concepts; one which must be 
placed near the head of the list in im- 
portance. Much of our current confusion 
in names is due to the failure of previous 
workers to apply this type concept to the 
generic names, just as they apply it to the 
species names. 

The number of kinds of animals known 


and the difficulties inherent in keepj 


track of them are probably the taxono. ' 


mists’ biggest problems today. Only ade 
quate training in the important aspects 
of nomenclature can prevent confusion 
over names becoming steadily greater. 


Changing Names 


This is but one aspect of a widespread 
problem that has been a major factor in 
the recent past in bringing taxonomy 
into disrepute among biologists. The 
problem is that of changing names, 
There is a curious contradiction involved 
that has too often been overlooked. Let us 
take a fictitious example. In 1850 some 
one names a species Xus albus, one of sey- 
eral species of Xus. In 1900 a new genus 
Yus is erected for this species. In 1910 
another species, that is actually con- 
generic with albus but not recognized to 
be so, is described as Zus pallidus. In 
1920 these names are placed in the syn- 
onymy of Yus and albus. In 1935 it is 
discovered that the name Yus had been 
used previous to 1900 for some other ani- 
mal, and so it is renamed Bus. Then in 
1950 it is discovered that this species was 
not actually Holarctic in distribution as 
believed in 1920 but that the American 
form is distinct from the European one. 
Since the original type of albus came 
from America, the European name of the 
genus and of the species must be changed, 
perhaps back to Zus pallidus. Finally, 
if it is now discovered that albus was 
actually the genotype of Xus (and there 
are several circumstances that could bring 
this about), we would have to change the 
name back to Xus albus and also change 
the other original species of Xus to some 
thing else. 

Now let us assume that every one of 
these changes was correctly made at the 
time—that is, justified either by the zoo 
logical facts known then or by require 
ments of procedures agreed upon by tax- 
onomists. It is generally assumed that 
each of the workers making one of these 
changes was acting correctly and was 
blameless for the effect of the change on 
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other biologists. It is my contention that 
in most cases the name changer is not 
plameless, he fails seriously in his re- 
sponsibilities. 

The 1910 man failed to study the group 
enough to know about the 1850 descrip- 
tion. He obviously did not know even the 
genus. He also failed to know about the 
1900 name Yus. The 1910 man and the 
1920 man failed to check the homonymy 
of Zus adequately. The 1920 man failed 
to check the types and specific identity 
of the American and European forms be- 
fore announcing the synonymy. The 1935 
man made a change because of ho- 
monymy without checking the zoology 
and other nomenclatural aspects. 

This is a very simple case of name his- 
tory, but here as in all other cases a very 
large part of the name changes could 
have been avoided by more careful study. 
It is my conviction that no taxonomist is 
justified in making even the most obvi- 
ous nomenclatural name change until he 
has checked adequately all the other 
aspects, both nomenclatural and zoologi- 
cal. If he does not have the facilities for 
this, he should call attention to the situa- 
tion and leave the final action to someone 
who has such facilities. 

Obviously also, no taxonomist is justi- 
fed in announcing a zoological name 
change, that is, one based on increased 
knowledge of the animals, such as new 
synonymy, until he has_ thoroughly 
checked the nomenclature. One should 
never be the basis for a name change 
until the other has been adequately 
checked. 

The sequences or cycles of names that 
have given taxonomy such a bad reputa- 
tion could all have been avoided by ade- 
quate attention to these two approaches, 
although not all the changes could have 
been avoided. A good many changes are 
unavoidable under any system that has 
ever been suggested. But it would be 
well worth our while to keep the number 
of changes as low as possible—much 
lower than the present rate. 

If taxonomists would always check ex- 


haustively both the nomenclatural and 
the zoological aspects, they would greatly 
reduce the number of name changes 
made, and reduce the occasions on which 
other zoologists would have justified com- 
plaints about the taxonomists. 

Important as this would be to zoolo- 
gists and to the standing of taxonomy, I 
think it would have an even greater 
advantage to taxonomists themselves in 
relieving them of part of the ever-grow- 
ing burden of synonymy, in greatly in- 
creasing the accuracy of their records, 
and in reducing the amount of inade- 
quate publication that clutters our litera- 
ture. This will not cure all the woes of 
taxonomy, but would be a major advan- 
tage to taxonomists and a great lift to 
their standing in biology. 


Postscript 


So what can we say of taxonomy at the 
present time. There is no doubt that we 
are in a period of growth due to the influ- 
ence of neighboring fields and also of the 
more generally applicable parts of sys- 
tematics—such as evolution, population 
dynamics, and experimental taxonomy. 
Over-emphasis on some aspects has re- 
sulted in distracting many taxonomists 
from the still very incomplete but gigan- 
tic job of classifying all organisms. Lack 
of attention to some details, including 
those of nomenclature, detracts from the 
standing of the field and greatly increases 
the bibliographic work of taxonomists. 
Finally, there is a great opportunity open 
to us today to correct these things and 
to get on with the fascinating work that 
awaits us in what is unquestionably the 
broadest and most varied field of all 
biology. 


RICHARD E. BLACKWELDER has been 
secretary-treasurer of the Society of System- 
atic Zoology since its inception and has been 
singularly devoted to its welfare. His special 
interests are classification and nomenclature. 
He is a taxonomic specialist on the beetle 
family Staphylinidae. Formerly at the United 
States National Museum, Dr. Blackwelder is 
presently at the Southern Illinois University 
at Carbondale. 
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The Future of Systematic Botany 


HEN a corporation president, at 

year end, attempts to tell his stock- 
holders what the future may portend for 
their business, he is very apt to recapitu- 
late the financial statement and capital 
assets, including plant, personnel, man- 
agement, capital structure, equipment, 
inventories, reserves, production capac- 
ity, order backlog, and so forth, and then, 
if he is fortunately able to do so, he re- 
fers to those intangibles of fundamental 
research programs in progress, newly 
patented processes, good will, values of 
name brands, etc. If the plus factors well 
outweigh the so-so situations, a bright 
future is assured. 

In systematic biology we can also take 
an inventory at this 200th anniversary 
of the appearance of Linnaeus’s Systema 
Naturae and try to forecast where we are 
heading and by what routes. Few cor- 
poration executives would care to predict 
the course of their business for more than 
a few years into the future, I’m sure, be- 
cause the rapid advances of technology 
have altered the course of events in their 
field at a startling rate. We biologists 
certainly have scarcely more justification 
for long-range predictions because the 
whole field of scientific research has en- 
tered the atomic age, with all that means 
to every newspaper reader in terms of 
accelerated search for knowledge. We are 
trying to scribe circles around the moon 
with a rocket and the prospects seem to 
be good that this will soon be accom- 
plished. How recently such a thought 
would have been utterly fantastic to most 
of us! Space Age committees have 
sprung into being as matter-of-course 
governmental functions in this country 
and others. We are talking seriously now 
of interplanetary travel. Some big jobs 
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are being done that are not just drawing. 
board aspirations. We are pushing back 
the last frontiers of earth impressively, 
The Arctic is no longer a mystery to us 
and our atomic submarine has sailed 
right through that submerged knothole 
in the North Pole. The Antarctic is on 
the way to becoming as well known as 
the Arctic, with the impetus of the In- 
ternational Geophysical Year continuing 
right on. Did you read as I did that some 
scientists (British, I believe) want to 
bore some holes into the earth ten miles 
deep just for the scientific information to 
be gained? Yes, our old rolling globe has 
a lot of eager beavers on board in this 
generation, and she is giving up a lot of 
secrets in a short time. 

Biologically, however, old Mother 
Earth has quite a few secrets left, as all 
of us would be quick to agree. We 
have not half finished our inventory of the 
kinds of life growing on her, and here 
the zooming increases in human birth- 
rates and length of survival build up 
population pressures that contribute to 
the rapid extermination of endemics, 
doubtless sometimes even before we 
know what we have lost. I have watched 
a few of them go in just the course of a 
decade or two in California—beautiful 
flowering plants that it would have been 
nice to have around forever. I am think- 
ing of a lovely pink-flowered manzanita— 
its last stand destroyed by road building 
operations; a botanically exciting Holo- 
carpha that unfortunately lived in only 
four or five areas, each one of which be 
came the site of a city; and of a Calyca- 
denia, beautiful although a tarweed, that 
gave way to agriculture and overgrazing. 

If I digress here, it is merely to stress 
the importance of completing our inven- 
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tory of the world’s biological riches. Just 
straight inventory work here, without the 
frills of fancy methodology, is going to 
keep a lot of biologists busy for a long 
time. Speaking as a botanist and only 
in reference to the higher plants, it seems 
to me that with the supply of taxono- 
mists we now have on hand continuing 
to labor at the present rate, we shall not 
be through with our inventory in fifty 
years, but we may be able to consider 
the job approximately complete in per- 
haps 75 or 80 years. This figure is hard 
to arrive at, but my hunch is that we shall 
know the temperate floras of the world 
rather thoroughly in another 30 or 40 
years, and that it will be at least twice as 
long before we can begin to think we 
know the tropical floras almost as well. 
The latter figure must be multiplied by 
2 or 3 when we speak of the cryptogams, 
and I suppose by 6 or 8 when we think of 
the insects. 

Man could change this time scale by 
greatly augmenting the number of scien- 
tists who engage in this work. We have 
seen it happen in Russia in the applied 
fields, where the normal rate of scientific 
progress is accelerated several hundred 
percent in some laboratories by the re- 
cruitment and development of large num- 
bers of new workers. I rather believe such 
changes will occur as man takes a more 
serious view of the significance of basic 
research in science to his life and welfare. 
It does not require a social state to stir 
such progress. 


Plant Taxonomy Today 


The objectives of research in system- 
atic biology may be defined as the clari- 
fication of the evolutionary history of 
living and extinct organisms and the fur- 
therance of our knowledge of their global 
distribution. It is obvious that we have 
organized a tremendous amount of data, 
using principally the conventional tools 
of comparative morphology and geo- 
graphical distribution. It is equally ob- 
vious that we still have a long road to 


travel before the job is complete and that 
we are going to continue to depend most 
heavily upon these same familiar tools. 

We should bear in mind the impor- 
tance of experimental methods in pres- 
ent-day work in this field. These methods 
are variously called “experimental tax- 
onomy,” ‘“biosystematy,” “the cytoge- 
netic method,” “the new systematics,” 
etc., but there are many techniques now 
applied to taxonomic problems that fall 
outside the scope of even these compre- 
hensive terms. I have the feeling that the 
experimental methods will have a much 
greater impact on plant taxonomy in the 
next 50 years than they have had in the 
last 200, and so they really point forward 
very much more than they point back- 
ward. Perhaps, then, it is wise to con- 
sider them in a discussion of the future 
of systematic botany. 

Systematic botanists are still attempt- 
ing to improve the classification of plants 
in all categories, from the infraspecific 
level to that of families, orders, and 
classes; and it has not been so long since 
some have taken critical looks at the 
phyla and even at the plant kingdom 
itself! 

The newer approaches to problems of 
plant taxonomy have been utilizing many 
of the biological fields. In order to insert 
phylogenetic considerations into his clas- 
sification, it is obvious that the taxonomist 
has had to seek assistance from a number 
of other botanical disciplines in addition 
to his familiar morphology and distribu- 
tion, such as genetics, anatomy, cytology, 
paleobotany, embryology, ecology, physi- 
ology, etc., which are able to contribute 
to the ultimate solution of these prob- 
lems.. The newer tools must be used with 
understanding, where the results are 
meaningful. For example, cytogenetics— 
the combination of a study of chromo- 
somes and breeding behavior—is highly 
useful on the infra- and interspecific 
levels but is scarcely operative at higher 
levels because of impenetrable barriers to 
interbreeding. 
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The newer approaches to systematic 
problems are intriguing and various, and 
the systematists are becoming more in- 
genious all the time. I scanned some 533 
proposals submitted to the Program in 
Systematic Biology in the National Sci- 
ence Foundation over the past three 
years and was interested to find that 193 
of these, or more than 38 per cent, were 
asking for support of researches that in- 
cluded newer methods other than the 
traditional morphology (or anatomy, for 
I did not separate out the zoological pro- 
posals separately) and distribution. The 
National Science Foundation in its short 
life since 1950 has scarcely had a long 
enough history to set up a trend curve 
by years to establish fashions in taxon- 
omy, but certainly just 35 years ago there 
was scarcely any work being done of an 
experimental nature in this field. 

Before we consider some of the inter- 
esting possibilities that the new tools may 
open up to us in the future, let us pause 
long enough to become aware of numer- 
ous refinements that have already come 
to taxonomic studies conducted along 
classical lines. 

First of all, I have been impressed in my 
travels to research laboratories around 
this country by the tremendous strides 
that have been made in optical equip- 
ment—strides that enable us to see so 
much more and so much more intelli- 
gently, that we now can use comparative 
morphology in a meaningful way on 
structures where recently this would not 
have been the case. I am thinking of the 
development of the phase microscope and 
the electron microscope and of our ac- 
quired ability to begin to get the most 
out of these powerful instruments. I am 
thinking also of the convincing demon- 
stration I had in the laboratory of Dr. 
Orville Dahl, at the University of Minne- 
sota, of the resolving power of these in- 
struments when turned on the intricate 
fine structure of pollen grains, opening a 
new door on a previously obscure world 


of form. The taxonomic implications seem 
to be profound in the years ahead. 

And speaking of pollen, the whole sub- 
ject of palynology is developing with a 
rush. Fossil pollens are now being 
studied in many laboratories, which wil] 
tell us much about the evolution of our 
floras, and those of even Cretaceous age 
can be studied for fine structure with 
about as much success as can present- 
day pollens. Pollen studies will be in- 
valuable to the solution of evolutionary 
problems for decades to come. 

Botanists continue to discover new 
characters of much value in the building 
of a sound system of classification. It is 
natural that in most groups of higher 
plants taxonomic studies have relied 
heavily upon floral, and sometimes foliar, 
morphology. Excellent characters are 
also found in other organs, of course. But 
it is of some interest to be shown that 
the seeds of the Cruciferae, which are 
small and superficially quite constant in 
the family, are in reality distinctive even 
at the species level, and some 118 species 
of northeastern North America have been 
keyed out by Murley (1951) on these 
characters alone. Such examples are cer- 
tain to be repeated with greater fre 
quency in the future as systematists ex- 
amine our well known plants again with 
more critical eye in the search for clues 
to a more precise classification. 

Anatomical studies of two _ general 
types have considerable taxonomic ap- 
plication—studies of wood anatomy, par- 
ticularly in the secondary xylem, and the 
vascular arrangements in the _ inflores- 
cence and in the flower. 

An interesting study in developmental 
anatomy is under way in the family Cac- 
taceae by Norman Boke. Developmental 
anatomy is the study of tissue and organ 
development from the meristems (embry- 
onic regions) of the higher plants. Since 
it deals with the continuous embryogeny 
which so sharply distinguishes the growth 
patterns of the higher plants from those 
of the higher animals, it is analogous 
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to the subject of animal embryology. 
The Cactaceae are particularly favorable 
for the application of such an approach, 
and the results should be of considerable 
assistance in eliminating some of the con- 
ficting opinions now held by taxono- 
mists. Furthermore, the same problem 
is being attacked by I. W. Bailey, who is 
making a comprehensive study of the 
xylem in this family, which exhibits 
some unusual features. The results of 
this combined attack by two leading plant 
anatomists are certain to be of wide in- 
terest, both because the cactus family has 
received much attention from many com- 
petent students of taxonomy and has yet 
to receive a universally acceptable classi- 
fication, and because this represents a 
pioneering attempt to utilize structure 
and development as a tool in systematic 
botany. 

One should cite another anatomical 
area that promises results of taxonomic 
significance, namely, the pattern of foliar 
traces in the leaf-petiole which is now 
under study by Richard Howard. Others 
will be discovered, and we can safely 
predict that the years ahead will bring 
anatomical data to bear upon taxonomic 
problems with increasing frequency. 


Looking Ahead 


At this point I believe I should call at- 
tention to the fact that botanists have 
been taking inventory recently, and three 
of them have been assessing the present 
and future status of the taxonomic field. 
Independently and unbeknownst to one 
another, Lincoln Constance (1955) and 
I have reviewed the systematic field and 
appeared in print with rather sizeable 
papers on the subject. Reed Rollins 
(1958) has prepared another, more 
limited account for the Golden Jubilee 
Volume of the Botantical Society of 
America. As I have gone over the three 
papers I am impressed by the very differ- 
ent points of view that have been brought 
out and the relatively little duplication in 
them. My own paper, entitled “Trends 


in Systematic Botany,” appeared last 
year in volume III of Survey of Biologi- 
cal Progress (1957), and it gave a good 
many examples of the newer trends in 
plant systematics. I am trying today not 
to go over the same cases again. 

Have you seen a “peel” made by mod- 
ern techniques from a coalball? Maybe I 
should ask, Have you seen a coalball? I 
had not until recently, and I was thor- 
oughly impressed by the great wealth of 
botanical information that can be put 
together to give us a very much clearer 
and more complete story of our more 
ancient floras. Tons and tons of this ma- 
terial can be picked up, and the peel tech- 
nique gives us anatomical detail of 
remarkable utility. Quite a few of our top- 
flight paleobotanists are giving much at- 
tention to this now, but the number of 
workers seems to be quite inadequate for 
the amount of work to be done. 

Coalball studies represent only a frac- 
tion of the paleobotanical field, and some 
highly interesting floras in these other 
areas are under study. As these fossil 
floras become described and their rela- 
tive ages sought, help may come from 
some still untapped time clocks yet to be 
worked out. It was a magnificent scien- 
tific achievement when the chemist, Wil- 
lard F. Libby, worked out the carbon-14 
time clock and proved its utility. With it 
we have a tool for accurately measuring 
the age of many plant remains up to 
25,000 years old. It is already answering 
questions about the glacial periods and 
the migrations of floras. We hope new 
tools will be discovered to help us recon- 
struct the phylogenetic histories of our 
floras. 

Gibbs (1954) has pointed out that para- 
sitism is a useful tool in phylogenetic 
studies. In discussing hemiparasites 
which attach themselves to the roots of 
their hosts and make some food for them- 
selves, he writes, “Those parasites which 
have thus become specialized are, we 
may be sure, adapted to the chemistry 
and physiology of their hosts. It is there- 
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fore likely that groups of closely related 
parasites will attack groups of closely re- 
lated hosts. It is but a step to imagine 
that we may get clues to the relationships 
of host organisms, plant and animal, from 
a study of their parasites, and vice versa.” 
He follows this up with a discussion of 
the smuts that have exacting morphologi- 
cal requirements on certain species of 
Carez, and of the rust that supports other 
evidence for a close relationship between 
the Empetraceae and the Ericaceae. 

Possibly because of my past interests 
you are anticipating that I shall take con- 
siderable time to tell you of the advances 
yet to come to taxonomy through the 
vigorous application of cytogenetic meth- 
ods. I would enjoy doing so, but the sub- 
ject matter has been gone over rather 
recently by me in print as mentioned. I 
should point out that I believe very sig- 
nificant taxonomic advances will indeed 
be made in the years ahead along these 
lines, continuing a trend that is already 
surging forward strongly. Cytogenetics 
is of course that vigorous hybrid between 
two fields, themselves relatively new, 
cytology and genetics. It is among the 
foremost of those disciplines which un- 
dertake to unravel the mysteries of or- 
ganic evolution and which attempt to de- 
fine, circumscribe, and otherwise provide 
the answers to the species problem. Its 
importance in this area is bound to in- 
crease. 

Cytology, for example, was a relatively 
crude tool not too many years ago. We 
could not even be sure of our chromosome 
counts then. New techniques in micros- 
copy are giving us tremendously im- 
proved views and ideas of the chromo- 
somes themselves today. (Incidentally, 
have you seen first-class time-lapse mov- 
ing pictures of mitosis and meiosis? Dr. 
Bajer, of Poland, has taken some tre- 
mendous ones that hint at the advances 
still to come in this field.) Also, the bio- 
chemists are clarifying the chemistry of 
the cell; the role of DNA in the chromo- 
somes is becoming well established; in 


other words, the mechanism of heredity 
from the chemical viewpoint is gradually 
being worked out. The geneticists have 
gone far in explaining it from their point 
of view. The taxonomist stands at the 
receiving end here, anxious to utilize 
those end products of these discoveries 
that will enable him to explain the or- 
ganization of life on this globe more ac- 
curately and more objectively. 

Let me pass along quickly to another 
portion of the border where biochemis- 
try and genetics may link resources to 
aid the taxonomists of future years. Many 
taxonomists are aware that related spe- 
cies or even genera may have similar dis- 
tinctive odors or flavors. It seems to be 
about time for a team composed of one 
or more taxonomists and biochemists to 
get together to examine the systematic 
significance of essential oils, resins and 
gums, alkaloids, and other such constitu- 
ents of plants. It will take time to gather 
the chemical data, but much is already 
on hand. Abortive attempts have been 
made to take such data from the widely 
scattered world literature and use it for 
plant classification purposes. The results 
have been unsatisfactory. But a system- 
atic attack on the problem on a modest 
scale might open up interesting possi- 
bilities. 

Then we must take cognizance of the 
many people becoming interested in 
chemical differences between the differ- 
ent kinds of plants from other points of 
view. For example, in wild species of the 
well known garden plant, Gaillardia, 
W. P. Stoutamire is finding that the 
anthocyanin pigments of the flowers may 
vary from species to species, and in one 
(but not in others) the pigment in the 
ray-florets is different from that in the 
disk-florets. He finds that these pigment 
differences tend to parallel the morpho- 
logical ones. The xanthophyll and chloro- 
phyll pigments had previously been 
shown to be of taxonomic interest in the 
higher categories. 

We are now getting back into the sero- 
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logical bioassay business again made, 
shall I say, notorious by Carl Mez and 
his colleagues of the Koenigsburg school 
in the 1920’s. But this time we are going 
after it with greatly improved tools. 
Through electrophoresis and paper chro- 
matography serum diagnosis has become 
an infinitely more precise tool. It now 
seems well within the realm of possibility 
to separate plants at the specific level by 
the use of these methods. In the early 
work it could only be hoped to establish 
differences of significance on about the 
family level. These tools have scarcely 
been brought to bear on taxonomic prob- 
lems as yet, and much more encourage- 
ment is still needed in this area. But the 
prospects seem rather good that in the 
future we shall be taking them into our 
working kit for the solution of the knot- 
tier taxonomic problems. I do not mean 
that the taxonomist will have a strip elec- 
trophoresis cell or a continuous flow 
paper electrophoresis cell and a colony 
of rabbits as an adjunct to his her- 
barium—not at all. He will leave the use 
of that tool in the hands of the bio- 
chemist, just as he leaves the operation 
of the electron microscope in the hands 
of the engineer one gets with an elec- 
tron microscope. But he will collaborate 
with the biochemist, propose problems, 
provide materials, and utilize results from 
the joint experiments. 


Summary 


I must now summarize. The taxono- 
mist is always a busy individual, and in 
the years ahead his work seems just as 
formidable as it ever has been in the past. 
The primary job of exploring the vegeta- 
tion of the earth’s surface and describing 
it is still far from done. We desperately 
need to have it done, because man is de- 
stroying the natural resources of this 
world at a fearful rate. The terrific in- 
crease in human population will undoubt- 
edly speed up the process, and hundreds 
of potentially invaluable plants will be 
wiped out of existence even before they 


are made known to science, much less, 
analyzed for potential use. 

In logical order we should first collect 
the plants, then describe the previously 
unknown ones; organize the assemblage 
into floras so that the plant resources of 
a given region are properly catalogued, 
described, and keyed so that all may 
know what is there. Then we come to 
the stages of greater refinement in our 
studies, analyzing the ecological, geneti- 
cal, and biochemical relationships of these 
materials, trying to explain their evolu- 
tionary history and their relationships 
to other floras, recent and fossil. Time 
must be taken to determine their useful- 
ness—to man and beast—horticulturally, 
agronomically, economically, as food, for- 
age, timber, fibre, pulp, medicine, ground 
cover, etc., etc. 

We need to know a tremendous lot 
about plants, and the taxonomist is in 
the midst of this picture. In this area as 
in many others in science the acute need 
is coming sharply into focus, namely, 
where is the manpower coming from? 
We face a serious shortage in trained 
scientists to do the job that must be done. 
I address this to the attention of all biolo- 
gists—zoologists and botanists gathered 
here. We must refuse to be complacent 
about the urgency of our task to organize 
systematically all knowledge about the 
biota of the earth for the sake of our chil- 
dren’s children. In the atomic age things 
are moving much too fast toward a world 
less bright, and it should be the case that 
knowledge, in lieu of ignorance, will be 
useful in these times. The recruitment 
of biologists for these tasks, and I am 
speaking at the moment particularly in 
behalf of systematic biologists, would 
seem to be the concern of us all. 
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DAVID D. KECK, specialist in the taxonomy 
of flowering plants, recently resigned his 
position as assistant director and head curator 
at the New York Botanical Garden, New York 
City, to become program director for System. 
atic Biology in the National Science Founda. 
tion. 


The Future of Systematic Zoology 


HE future of any field of human en- 

deavor depends on the contribution 
that field can make in satisfying the needs, 
aspirations, and desires of the individuals 
that make up the civilization that sup- 
ports the activity. All human societies 
from the most primitive to the most ad- 
vanced have needed and have supported 
systematic biology. How well the public 
will support systematic zoology in the fu- 
ture will depend upon how much system- 
atic zoology has to contribute in terms of 
economic advantage, popular interest, and 
basic understanding to the individuals in 
our civilization. The contribution of sys- 
tematic zoology in turn depends upon the 
quantity and quality of the work of sys- 
tematic zoologists and more especially 
upon the ability of the great men, the 
leaders in the field, to open new vistas 
and opportunities that will capture the 
imagination of the public and will inspire 
work in systematic zoology of ever in- 
creasing excellence. This meeting is, it- 
self, evidence of the fact that systematic 
zoology can look forward to a brilliant 
future of service and accomplishment. 
With this optimistic note of the predic- 
tion of outstanding development for sys- 
tematics, the main point of this address 
has been made. In order to make it stick, 
it will be necessary to develop four sub- 
sidiary points. 


G. W. WHARTON 


The objectives of systematic zoology 
can conveniently be grouped under four 
main subdivisions. Each of these four 
main areas of interest are of course, inter- 
related and interdependent, but also each 
is so different from the other that inde- 
pendent consideration of each may lend 
additional clarity to this discussion. The 
four main areas are: (1) nomenclature, 
(2) identification, (3) classification, and 
(4) theoretical synthesis. Nomenclature 
is the practice of assigning names to tax- 
onomic categories or taxa and the use of 
these names in the designation of appro- 
priate taxa. Identification is the proper 
placement of a specimen or group of 
specimens into the established order of 
the taxonomic hierarchy. Classification 
is the grouping of taxa into categories 
and thus the establishment of the taxo- 
nomic hierarchy. These three areas of 
systematics are widely recognized and 
perhaps their definitions here are super- 
fluous but all three words used in desig- 
nating the areas are general terms and 
have less specific meanings than the ones 
just given. Theoretical synthesis is less 
commonly recognized as a discrete field 
of systematics but, as in all fields, it is the 
final step in the achievement of scientific 
understanding and is essential to, and 
perhaps the most important part of, the 
entire process. Theoretical synthesis is 
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the formulation of hypotheses and laws 
that will explain the observed facts of 
systematics in terms that are consistent 
with the four universal parameters of 
natural science: Space, Time, Energy, 
and Mass. These four are the STEM on 
which all scientific fruits are borne. 


Nomenclature 


Nomenclature is the most apparent, 
most maligned, most used, and most mis- 
used field of systematics. By the general 
public, both scientific and non-scientific, 
it may also be considered as the most im- 
portant field. For the past twenty years 
I have been keeping track of the most 
frequent questions people have asked me 
about animals that I have shown to them. 
These questions in their proper order 
are: (1) Is it alive? (2) Will it bite? 
(3) What is its name? Nomenclature is 
the field of systematics in which there is 
the most lay interest. The first sym- 
posium in this series has explained the 
history, philosophy, and current practice 
of nomenclature. In the future, wider 
recognition of two fundamental facts will 
lead to a simpler, more useful, and more 
universally acceptable nomenclature. The 
first fact is: Nomenclature is arbitrary. 
Current concern with uniform endings, 
and nomina conservanda, are evidences 
of this important trend. The second fact 
is: The primary function of a name is as 
a designator of a particular taron. Reduc- 
tion of emphasis on grammar, meanings 
of scientific names, and the acceptance 
of arbitrary combinations of letters as 
valid names as well as attempts to re- 
place names by designating numerals 
recognize this important principle (Den- 
mark et al., 1958). The current wide in- 
terest of systematists in nomenclature, 
especially if it can be reinforced by inter- 
est of all zoologists, promises rapid prog- 
ress in nomenclature. 


Identification 


That identification of animals is a pre- 
tise discipline is generally appreciated 


only by systematists working with the 
large collections in the major museums 
of the world. The procedure is as fol- 
lows: the approximate identification of 
a specimen or series of specimens is de- 
termined by means of keys, figures, 
and descriptions in the literature. Once 
the approximate identification is made, 
comparisons with previously identified 
specimens are carried out. The com- 
parison reveals that the material either 
belongs to a previously known taxon 
or that the specimens are representa- 
tives of a previously unknown taxon. 
If the specimens belong to a previ- 
ously known taxon they are entered in 
the collection under the appropriate 
name and the task of identification is 
complete. If they represent a new taxon, 
the specimens are described and named 
in a suitable publication. In order to 
avoid confusion about the application of 
the name, one of the specimens is desig- 
nated as the TYPE. From that time on, 
all specimens considered to be conspecific 
with the type are referred to the same 
nominal taxon as the type. 

Competent systematists using these 
techniques can be as certain of identifica- 
tions of animals as can a competent 
chemist of his chemical analysis. 

While these techniques are simple and 
precise they are also time-consuming and 
costly. Systematists in the future must 
develop more rapid and less costly means 
of carrying out these procedures. The use 
of the new data-processing machines, 
non-professional personnel for the many 
routine tasks involved, and more efficient 
methods of handling collections will be 
initiated in the future. It is possible that 
crime detection laboratories have already 
developed techniques that can be modi- 
fied for use in the identification of ani- 
mals. The Federal Bureau of Investiga- 
tion’s fingerprint collection totaled 147,- 
531,988 on 1 January 1958. These prints 
represent 73,865,647 individuals. During 
the present fiscal year it is estimated that 
5,927,500 identifications will be made. 
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The average time for making an identi- 
fication is only ten minutes. The cost of 
this program is estimated at $8,354,717 
per annum (Hoover, 1958). 

While no one knows how many kinds 
of animals there are in the world, or even 
how many kinds have been named, esti- 
mates of the total number vary from 
2,500,000 to 10,000,000 while estimates of 
those already described are in the neigh- 
borhood of 1,000,000 (Sabrosky, 1952). 
Systematists have a real challenge here 
and it is certain that the future will see 
this challenge met. It is inconceivable 
that a civilization that aspires to reach 
the moon can long afford to be ignorant 
of the kinds of animals on earth. 

In order to try to get an adequate esti- 
mate of the number of kinds of animals 
that will eventually be known, rates at 
which new species of animals are de- 
scribed were compared with the rate at 
which new generic and subgeneric names 


TABLE 1—CUMULATIVE PERCENTAGES OF ANI- 
MALS NAMED DURING THE PERIOD 1758-1950? 
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*Compiled by C. E. Yunker and A. M. 
Brown. 

* Includes all forms described from 1758 to 
1800. 


are proposed. The chiggers of the world 
(Wharton and Fuller, 1952) were use 
to get an idea of the rate at which new 
species are described in a group that is 
being intensively studied for the first 
time. Three groups of animals that are 
considered to be fairly well known were 
also investigated: the marine pelecypods 
of the Atlantic Coast from Labrador to 
Texas (Johnson, 1934); the galliform 
birds of the world; and the apodiform 
birds of the world (Peters, 1931-51), 
Nine hundred and fifteen genera and sub- 
genera were selected at random from 
Nomenclator Animalium Generum et 
Subgenerum (Schulze, Kiikenthal, and 
Heider, 1926-1954) to determine the rate 
at which new taxa of all animals are 
being named. In the case of the period 
from the dates of the above three publi- 
cations until 1950, estimates of the num- 
ber of new names were obtained by 
reference to Zoological Record for the ap- 
propriate years. The number of pelecy- 
pods was estimated, the numbers of gal- 
liform and apodiform birds were counted, 
and the number of new genera and sub- 
genera were counted and then multiplied 
by 0.005 so that the numbers would be 
comparable to the random sample drawn 
from the Nomenclator. The numbers 
were then converted into percentages of 
the total number (Table 1). 

As far as new generic and subgeneric 
names are concerned, factors other than 
the discovery of new kinds of animals 
may enter into the picture. Old genera 
are constantly being broken down into 
series of genera and subgenera, and 
names are constantly being proposed for 
sections of genera. It is frequently men- 
tioned that Linnaean genera are now 
recognized at familial or ordinal rank. 
For this reason it is generally accepted 
that Linnaean genera were much larger 
than present genera. While this is true 
in one sense, for example, the Linnaean 
genus Acarus is now an order Acarina, 
the sizes of Linnaean genera in terms of 
numbers of known species included are 
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not much different from the average 
genus of today. In Linnaeus’ 10th edi- 
tion of the Systema Naturae there were 
4236 species included in 312 genera. 
Thus the size of a Linnaean genus was 
on the average 13 species. Calculating 
the number of generic names by multi- 
plying the approximate number of names 
per page by the number of pages in the 
Nomenclator, or by the number of dec- 
ades during which the increase in new 
names has been at the rate of about 18,000 
per decade, we arrive at an estimate in 
both cases of roughly 200,000 by 1950. 
If we use the estimate of 1,000,000 species 
as the number of species described up to 
1950 we have then five species for each 
generic and subgeneric name. Since the 
Nomenclator contains synonyms and 
homonyms and Linnaeus used no sub- 
generic names, it can be seen that the 
average genus of today probably contains 
about as many species as was the case in 
Linnaeus’ day. Thus new generic and 
subgeneric names are a reasonable means 
of evaluating total numbers of species. 
The rate of increase in pelecypods, gal- 
liforms, and apodiforms remains constant 
for a period and then decreases. The rate 
of increase of genera and subgenera has 
been constant at roughly 1800 names a 
year from 1830 up to the present. Chig- 
gers have just entered their period of 
rapid increase of known species at a rate 
of about 200 new species each decade 
(Fig. 1). All five rates are characterized 
by abrupt increases in rate prior to their 
most rapid rise; they then increase at a 
fairly constant rate. The curves for gen- 
era and chiggers show no indication of 
a future decrease in the rate of increase 
of new taxa. The curves for marine pe- 
lecypods, galliforms, and apodiforms show 
an abrupt drop in the number of new spe- 
cies described. These groups of animals 
were chosen in order to show how the 
rate of descriptions of new species would 
decline. The fact that the rates decline 
rapidly when most of the species are de- 
scribed makes it impossible to predict on 


the basis of the curves presented here 
how many animals remain to be de- 
scribed. However, since the rate at 
which they are being described has re- 
mained fairly constant during the past 
one hundred and twenty years it is pos- 
sible to say with complete confidence that 
the end is not yet in sight. 


Classification 


The only integrating system yet de- 
vised for handling the myriads of facts 
known about animals is our system of 
classification known as the systematic 
hierarchy. Animals with similar proper- 
ties are placed in the same taxa. Individ- 
uals are placed in species, species in gen- 
era, genera in families, families in orders, 
orders in classes, and classes in phyla to 
mention the main categories. Other cate- 
gories are subspecies, tribes, cohorts, 
phalanges, sections, etc. From its incep- 
tion, classification has always depended 
upon grouping like things together. For 
this reason our systems of groupings 
have been the most permanent fea- 
ture of systematics. The classification of 
Linnaeus is not too different from our 
most recent classification. In the future 
we can expect little change in classifica- 
tion, only refinement as it becomes based 
more and more upon the total properties 
of the taxa and less and less upon so- 
called taxonomic or key characters. 


Theoretical Synthesis 


At present much emphasis is being 
placed on physical, chemical and biologi- 
cal properties of protoplasm, cells, organs, 
organisms, and ecological relationships 
that can be applied to all organisms. Gen- 
eralizations are now being sought by bio- 
chemists, physiologists, biophysicists, cy- 
tologists, geneticists, ethologists, ecolo- 
gists, and other specialists to the great 
benefit of our understanding of life. The 
non-systematists should become better 
acquainted with systematic discipline 
and the protozoologists, helminthologists, 
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Fic. 1. Cumulative percentages of animals named during the period 1800 to 1950. 


entomologists, ichthyologists, herpetolo- 
gists, ornithologists, mammalogists, and 
paleontologists must examine the data of 
non-systematic biology for differences 
rather than generalizations. When these 
have been found and systematized it is 
quite possible that systematics will pro- 
vide biology with other major break- 
throughs in understanding comparable to 
the theory of evolution by natural selec- 
tion proposed by Wallace and Darwin in 
1858 and popularized by Darwin in the 
following year. The fact of evolution be- 
came apparent when comparative struc- 
ture and distribution, both geological and 
geographical, were considered together. 
When population genetics was added to 
those two, Huxley announced the “new 
systematics.” Integration of all knowl- 
edge concerning animals by the methods 
used in classifying animals will certainly 
lead to deeper understanding. Haldane 
predicts that the systematic study of bio- 
chemical genetics will lead to a new 
theory of evolution. 


One of the persistent complaints of lay 
people with science and scientists is that 
science has taught us to control and un- 
leash tremendous natural forces but it 
has failed to teach man how to control 
himself. It can be predicted with some 
confidence that systematic ethology will 
lead to a major breakthrough that will 
enable man to control himself as an indi- 
vidual as well as providing the knowl- 
edge required for controlling human so- 
cieties at all levels from the family group 
to communities of nations. The recent 
publication of Behavior and Evolution is 
a step in this direction. To what other 
breakthrough systematics may lead only 
the future can tell. 


Summary 


The future of systematics is bright and 
shows promise of leading to an ever in- 
creasing understanding of life. If it is to 
realize its great potential, three things 
must be accomplished: 
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(1) Nomenclature must be stabilized. 

(2) Provision must be made for rapid 
identification by the precise meth- 
ods now available. 

(3) Classification must be expanded to 
take into account all of the prop- 
erties of the taxa. 


No one man or institution can attain 
these objectives. What is required is tre- 
mendously expanded public support of 
systematic work, organization at the in- 
ternational level of a concerted attack on 
the many problems concerned, and the 
application by taxonomists of the cur- 
rently available data-processing systems 
to all biological data. 
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Serum Protein Electrophoresis in 
Mammals—Taxonomic Implications 


MURRAY L. JOHNSON AND MERRILL J. WICKS 


66PLOOD will tell” is a statement that 

comes down to us from time im- 
memorial. This is evidence that human 
beings have long recognized that heredi- 
tary factors influence the character of the 
offspring. 

Now, in our modern science, we are 
looking at this statement in a more literal 
and objective sense. In this paper we 
will review the genetic implications of 
various fractions of the blood protein sys- 
tem. We will present evidence derived 
from our electrophoretic analysis of some 
of these proteins, a type of investigation 
which is helping to open the door to the 
riddle of basic biologic relationships. 


Proteins in General 


The ultimate secrets of life are thought 
to lie in the seemingly hopeless maze of 
protein biochemistry. We know that the 
structure of most animal tissues, the 
great groups of viruses, antibodies, hor- 
mones, and enzymes are protein. It is 
probable that the genes themselves are 
nucleoproteins. Our particular interest, 
blood, is one of the most complex mix- 
tures of proteins known to exist. 

It is here, in this complexity of ma- 
terials necessary to life, that workers are 
systematically unlocking many doors. 
Geneticists and biochemists, physiologists 
and physicists—workers in medicine and 
in all of the basic sciences work on 
strings of evidence which lead to the 
same knotty problems. In the unravel- 
ling of these problems, each discipline 
may take credit of greater or lesser 
degree. 

Proteins are molecules of large mass. 
It is known that about twenty-two 


amino acids form the basic component of 
all proteins (Fox and Foster, 1957), 
Strangely and significantly these are al] 
of the laevo configurations. These are 
combined into peptides, then polypep- 
tides, and ultimately into the protein 
molecules. Conjugate proteins are fur. 
ther combinations and the following are 
important: (1) Nucleoproteins (protein 
plus nucleic acid), (2) Chromoproteings 
(metal atom surrounded by porphyrin 
structures, in particular, the hemoglobin 
system), (3) Lipoproteins (lipids associ- 
ated, in blood, with globulins), (4) Glyco- 
proteins (containing carbohydrate sub- 
stances, particularly in mucoid secretions) 
and (5) Phosphoproteins (containing the 
phosphate group). Whether these are all 
true molecular bonds or simply extrane- 
ous material bound tenaciously into the 
protein molecule is frequently not evi- 
dent by present methods. 


Blood Proteins 


In a simplified form we may state that 
blood consists of leukocytes and erythro- 
cytes floating in plasma. The discrete ele 
ments are mainly a concentrated protein, 
hemoglobin, and a number of enzymes. 
Hemoglobins differ in respect to sero- 
logic reactions and the ease and habit of 
crystallization, in electrophoretic and 
chromatographic behavior, in resistance 
to denaturization by alkali, in solubilities, 
and in the amino acid composition. The 
molecular weight is approximately 65,000 
(Anfinsen, 1959). 

Serum is obtained by allowing normal 
clotting to take place and differs from 
plasma particularly in the lack of fibrino 
gen which has formed the clot. Fibrin- 
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ogen has a molecular weight of 350,000 to 
400,000. Thromboplastin is a lipoprotein 
of an estimated 170,000,000 molecular 
weight. Prothrombin has an estimated 
weight of 140,000. 

The normal (for humans) six to eight 
grams of protein per 100 cc. of serum 
consists of the following general frac- 
tions: 


(1) Albumin, with a molecular weight 
of 65,000 comprises over half of the 
serum protein. Its prime function 
is apparently that of regulating 
osmotic pressure. 

(2) Alpha and beta globulins are mix- 
tures of proteins which have been 
distinguished by chemical and 
electrophoretic means. Molecular 
weights of 200,000 to 1,000,000 
have been established. Lipopro- 
teins are considered to occur in 
these groups, including beta lipo- 
proteins which is 75% lipid of 
which one-half is cholesterol (in 
man). Glycoproteins also occur 
here, as do the haptoglobins (glob- 
ulins that can bind with free 
hemoglobin). The function of 
these groups is largely unknown. 

Gamma globulin also is a group of 

proteins distinct by reason of 

chemical and electrophoretic sepa- 

ration. These may range from a 

molecular weight of 150,000 to over 

a million. It is apparently here 

that most antibody response takes 

place. 


(3 


— 


In comparison of serum protein of 
many species of mammals by electro- 
phoresis the globulin areas in particular 
show infinite and constant specific vari- 
ations. 


Methods of Study—Proteins 


In evaluating the importance of one ap- 
proach to the problem of differentiation 
of proteins it is important to consider 
other methods available. 

Determination of the amino acids and 


their relative proportion in a given pro- 
tein can be done. Chromatography is an 
important tool here. Beyond that is the 
method of linkage and the chemical struc- 
ture of the parts and the whole of the 
protein molecule, with its nearly infinite 
possibilities. Then the properties of the 
complete molecule may be determined. 
The osmotic pressure, light scattering 
phenomenon, and ultra centrifuge all 
help to determine molecular weight. Dif- 
fusion, solution viscosity, and rotary 
Brownian motion further delineate prop- 
erties. The electron microscope can pic- 
ture the large molecules. Monolayer 
studies and x-ray diffraction are also used 
to determine the internal structure of the 
protein molecule. The solubility of pro- 
teins is most important and the older 
methods of “salting out” various frac- 
tions depend on this sensitive and spe- 
cific difference in solubility in various 
solvents. Denaturation of proteins is one 
of the most characteristic properties of 
proteins and may be a specific character. 
From the biologic approach, immunology 
has been of greatest importance in deter- 
mining specific properties of protein 
fractions. 

These are all mentioned to point out 
that electrophoresis is but one method 
available which determines but one char- 
acteristic of the protein fraction—the 
particular mobility with a specified solu- 
tion and strength of current. Further it 
must be pointed out that methods avail- 
able now are different and better than 
several years ago; in another few years 
we expect other changes. Such methods 
as use of starch gel, two dimension elec- 
trophoresis or chromatography, and con- 
tinuous electrophoresis further refine the 
simple filter paper strip electrophoresis 
used by us in this present analysis. 

We are using the hanging strip Dur- 
rum cell, at pH.8.6., barbital buffer; 0.01 
milliliter of serum is the amount required 
for determination. The strips are stained 
with bromphenol blue and scanned with 
the spectrophotometric densitometer mar- 
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keted by Spinco. The method is repro- 
ducible to a high degree and of sufficient 
delineative accuracy for the type of basic 
identification being done by us. 

Lipoprotein electrophoresis is _per- 
formed in a similar manner; the prime 
difference is that four times as much 
serum (0.04 milliliter) is used. These 
strips are stained with Fat Red 7 B, or 
the proteins are stained before electro- 
phoresis. 

Hemoglobin is electrophoresed using 
a hemolyzed, fat-free solution contain- 
ing not more than 10 gm% of hemo- 
globin. This is run at a much heavier 
current for a shorter (4 hours) period. 
No stain is required because of the red 
color already present. In some hemolyzed 
sera we may also get an indication of the 
migration of the hemoglobin on routine 
serum strips; in these, however, the fac- 
tor of haptoglobins (globulins which 
combine with hemoglobin) must be con- 
sidered. 


Genetic Factors—Human Blood 


The history of the genetics related to 
blood proteins of humans is bright with 
the stars of scientists producing great 
and original findings. The year 1900 was 
the start. In this year Landsteiner noted 
the agglutination of erythrocytes when 
mixed with the serum of other indi- 
viduals. Since then intricate investiga- 
tions have with certainty established 
many factors of the genetics of the pro- 
teins of the erythrocytes. It is of interest 
that all of these early (as well as many 
present) studies were of an immuno- 
logic nature, in distinction to chemical 
and physical methods that are now avail- 
able to us. 

Humans have been intensively studied; 
it is well that we review these proven 
factors in order that we may understand 
the potentialities that exist in under- 
standing relationships of other species of 
mammals. 

Blood groups offer a good source for 
genetic study. These are essentially free 
of effects of disease, age, and influence of 


other genes. Ten blood groups and pos. 
sibly a newly discovered eleventh pro- 
vide excellent normal genetic traits for 
study accompanied by the secretor genes 
for the ABO and Lewis groups. 

An interesting recent discovery is an 
agglutination inhibitor, the phenotype of 
which is called GM(A+). 

It is becoming increasingly apparent 
that there are a number of fractions of 
human blood protein that are under ge. 
netic control. These can best be investi- 
gated electrophoretically and there igs 
much activity in this particular field at 
present. The work of Horsfall and 
Smithies (1957), Smithies (1957), and 
Bearn and Franklin (1958) well illustrate 
this, in polymorphism of beta globulins 
and haptoglobins (fractions migrating 
with alpha-two). 

Human hemoglobins A,S, and C are 
proving to be interesting genetic char- 
acters, S and C being limited to certain 
races; other hemoglobin types have been 
described. An interesting type of hemo- 
globin associated with hereditary cyano- 
sis has been described by Gerald and 
George (1959). A number of rare syn- 
dromes are apparently genetic in nature 
and involve the blood proteins. Hemo- 
philia and Christmas disease are better 
known and involve the globulins. Ben- 
nold (1955) has reported a case of two 
members in one family whose blood 
serum was completely lacking in albu- 
min. Permanent afibrinogenemia is listed 
as a familial trait by Creveld et al. (1958). 


Genetic Factors—Mammal Blood 
Proteins 


Immunologic studies have for a num- 
ber of years been utilized to clarify rela- 
tionships between various species of 
mammals and other groups of animals. 
Present refinements of techniques, in 
particular immunoelectrophoresis, appear 
to be of great value in checking both iso 
agglutinins existing in single animal 
groups and relationships of one group to 
another. 
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Hemoglobins have been studied in lab- 
oratory mice by Rosa and co-workers 
(1958) and four groups of hemoglobins 
have been demonstrated to occur geneti- 
cally in inbred strains. In sheep, two 
types of hemoglobins have been identi- 
fied by Helm, Vliet, and Huisman (1958) 
as being genetically controlled. They 
found one type to occur in several native 
Eurasian sheep as well as domestic breeds 
and believe that an associated increased 
oxygen affinity may be related to high 
altitude tolerance of the parent species. 

In the past several years, electropho- 
retic analyses have verified the fact that 
mammalian serum proteins, globulins in 
particular, are very polymorphic. Many 
fractions of the proteins have now been 
conclusively demonstrated to be under ge- 
netic control. This work has been carried 
on in mice by Thompson and co-workers 
(1954), in horses by Ashton (1958), and 
in sheep, goats, and cattle by Ashton and 
McDougall (1958). It is to be noted that 
all of this published work is in domesti- 
cated animals, and indicates genetic con- 
trol below the species level. 

At and above the species level informa- 
tion has been obtained to show that con- 
stant differences in the plasma and serum 
protein patterns exist (Deutsch and 
Goodloe, 1945; Moore, 1945; Ganzin and 
co-workers, 1952; Gleason and Friedberg, 
1953; Latner and Zaki, 1957). Again, 
these studies are mostly comparisons be- 
tween common and easily obtained ani- 
mals with no attempt to correlate the 
findings with the taxonomic positions. 

This correlation has been or is being 
done in other taxons of organisms. Woods 
and co-workers (1958) have published 
concerning invertebrates, Dessauer and 
Fox (1956) concerning Amphibia and 
Reptilia, and Sibley (1958) concerning 
birds (using egg whites). 


Blood Protein Electrophoresis— 
Mammals 


Since December of 1957 we have been 
surveying blood proteins of a number of 
North American mammals. Species series 


of serum protein have been run, and 
hemoglobin and lipoproteins have also 
been extensively sampled. Our work 
verifies the fact that each species tends 
to have its own protein pattern (Johnson, 
Wicks, and Brenneman, 1959). Many 
species have been studied for the first 
time and a number of interesting differ- 
ences between taxonomic units have been 
demonstrated. 

In hemoglobins, we have checked speci- 
mens of 7 orders of mammals, which are 
in 13 families, 22 genera, and 41 species. 
Migration differences are noted, which 
may become significant on further ex- 
perience; all, with the exception of the 
shrew, genus Sorez, and the bat, genus 
Tadarida, are similar to the human 
(Fig. 1). The hemoglobins of Sorer 
vagrans and Sorex obscurus migrate 
slightly toward the opposite pole (cath- 
ode) at pH 8.6, barbital buffer. The hemo- 
globin of Tadarida brasiliensis appears to 
be nearly isoelectric at this pH and shows 
little migration. It must be stated that 
these are preliminary results that require 
further investigation. 

Lipoproteins have been examined in 
six orders, consisting of 15 families, 26 
genera, 48 species, and five additional 
subspecies. There is an irregular occur- 
rence of lipoprotein bands in some series 
examined. Several species, including man, 
Homo sapiens, harvest mouse, Reithro- 
dontomys megalotis, jumping mice, Zapus 
princeps and Zapus trinotatus, and fur 
seal, Callorhinus ursinus, have clearly 
defined bands. A number of others have 
definite but less well defined zones. In 
several species, notably some of the 
microtine rodents, no visible lipoprotein 
is seen. Some individuals in series do not 
show lipoprotein, thus indicating possi- 
bly exogenous or metabolic factors which 
must be investigated. 

Routine serum proteins have been most 
intensively investigated by us. Eight 
orders, 19 families, 42 genera, 74 species, 
with 15 additional subspecies have thus 
far been checked with over 400 determi- 
nations. It is evident that individual vari- 
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Fic. 1. Hemoglobin electrophoresis. This shows the similar 
migration of human (top two strips), Aplodontia, and wood rat. 
Note the isoelectric position of the freetail bat, Tadarida, and the 
slight cathodal migration of the shrew, Sorer. The vertical line 
represents the point of application. 


ation exists, but that standard patterns 
for each species can be established. 

The basic pattern may be compared to 
the human, about which so much is 
known. All species have a strong albu- 
min band. A single species of those we 
have examined, the chipmunk, Eutamias 
townsendi, has a double banded albumin 
and presents an interesting phenomenon 
(Fig. 2.) There is some variation among 


species in mobility of the albumin band. 

The globulins, however, present an al- 
most infinite variation, and we believe 
cannot be named comparable to the hu- 
man. Zones may occur in any area from 
the point of application to the albumin 
band, and most species have a significant 
cathodal migrating portion (not zoned, 
however, in our experience). 

No specific pattern can be named for 














SERUM PROTEIN ELECTROPHORESIS IN MAMMALS 





93 





orders or families according to our find- 
ings. In general, similarities of the elec- 
trophoretic strips tend to verify present 
taxonomic relationships at the generic 
and species level but there are a number 
of exceptions to this. 

Two groups of species (Peromyscus 
and the microtines) have been examined 
more completely than others; the follow- 
ing preliminary statements may be of 
interest. 

In the cricetid genus of mice, Peromys- 
cus, seven species have been examined. 
In the subgenus Haplomylomys, P. crini- 
tus, P. californicus, and P. eremicus are 
dissimilar. P. crinitus resembles closely 
P. maniculatus of the subgenus Peromys- 
cus. In the subgenus Peromyscus, 
P. maniculatus and P. polionotus of the 
“maniculatus group” are similar but not 
identical. Also in the subgenus Peromys- 
cus, P. gossypinus (“leucopus group’) 


is different from P. maniculatus and 
P. polionotus. In the subgenus Podomys, 
P. floridanus is similar to P. gossypinus 
(subgenus Haplomylomys). 

In the members of the subfamily Micro- 
tinae (meadow-mice and their relatives) 
an interesting complex is apparent. The 
genera Lemmus and Phenacomys are dis- 
tinctive and not to be confused with 
other genera examined. Clethrionomys 
gapperi, the red-back mouse, appears also 
to have a distinctly different pattern, 
whereas Clethrionomys rutilus, the north- 
ern species, is similar to Microtus. Seven 
species of Microtus have been examined: 
M. oregoni of the subgenus Chilotus, 
M. richardsoni of the subgenus Auwla- 
comys, M. montanus, townsendi, longi- 
caudus, and oeconomus of the subgenus 
Microtus, and M. abbreviatus of the sub- 
genus Stenocranius. These are all very 
similar and have a standard strong globu- 





Fic. 2. Serum protein electrophoresis. The top strip is an extended run of the chipmunk, 
Eutamias townsendi, to accentuate the double albumin band. The lower two strips are nor- 
mal runs to show specific patterns of the chipmunk and the gray squirrel, Sciurus griseus. 
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lin band; and although there appears to 
be differentiation in light second and ter- 
tiary banding, this is difficult to deter- 
mine in many strips. 

It is becoming evident that certain af- 
finities can be shown by the electro- 
phoretic strip. It is also evident that 
other techniques will eventually be nec- 
essary to fully delineate these differences. 


Discussion 


For many years mammalogists have 
defined species and other taxonomic units 
by means of easily discernible characters 
of the skull and skin; in addition, the 
loosely applied term “physiologic differ- 
ence” has been accepted by most taxono- 
mists. Now we are better able to define 
some of these differences and we must 
accept the fact that each species is a sepa- 
rate physiological and biochemical sys- 
tem, with differences of many kinds. 

From the vantage point on which we 
stand today we believe that we can see 
some of the paths that lie ahead. We 
think that we can see the time when the 
species definition will be more complex 
than now, with morphologic and bio- 
chemical criteria combined. As we ap- 
proach that time we know that the satis- 
faction of taxonomic biologists will be 
much greater by the very understanding 
this brings. We think that no single bio- 
chemical criterion will ever be the simple 
answer to the problem of differentiation 
of species; in the present instance we cer- 
tainly do not suggest that analysis of the 
serum proteins is anything more than an 
addition to our already standardized 
modalities. 

And as we look ahead we believe that 
within the broad field of biology, taxon- 
omy will continue to advance in impor- 
tance. As Mayr (1957) so clearly states: 
“The attempt to determine species status 
has led in many cases not only to a more 
precise formulation of a biologic problem 
but very often also to its solution.” 


Summary 


1. A brief review of the importance 
and types of animal proteins is presented, 
Methods of investigation are listed. 

2. The known genetic factors involy- 
ing a variety of human and animal blood 
proteins are briefly discussed. The facts 
suggest that most proteins are under 
genetic control. 

3. Several of the important findings of 
electrophoresis of the serum proteins of 
89 forms (species and subspecies) of 
native North American mammals are 
given. 

4. Lipoproteins and hemoglobins have 
also been intensively sampled and show 
some promising differential results. 

5. The prime taxonomic significance 
appears to be at the generic and species 
levels. 
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The Nervous System 


of Pogonophora’ 


HE PRESENCE of a thick fibrillar 

nervous layer in the epidermis of the 
anterior part of the body of Siboglinum 
weberi was reported as early as 1914 by 
Caullery. However, the first general in- 
formation on the structure of the nervous 
system of pogonophores was contributed 
by Johansson (1937, 1939) who estab- 
lished Pogonophora as a class. Johansson 
demonstrated that the central part of the 
nervous system, the brain of Lamellisa- 
bella zachsi Uschakov, is situated in the 
cephalic lobe. The fibrous brain mass, 
covered by a layer of ganglion cells, gives 
off lateral bundles of nerve fibers that 
fuse ventrally. An azygous dorsal trunk 
proceeds posteriorly from the brain. This 
account by Johansson has been verified 
but many important features of the ner- 
vous system remained unclear because 
the material was limited and poorly pre- 
served. In 1956, Jagersten described the 
nervous system of Siboglinum ekmani 
Jagersten; I shall analyze his account 
later. 

The present report includes observa- 
tions on the structure of the nervous 
system of Pogonophora from an investi- 
gation of the basic features of the organ- 
ization of several different species. As 
special methods of fixation and staining 
were not employed, the results cannot be 
considered conclusive and will undoubt- 
edly be considerably supplemented in the 
future. Nevertheless, it is desirable to 
publish the results at this time, because 


For the translation of this article the Soci- 
ety of Systematic Zoology is greatly indebted 
to the Office of Science Information Service of 
the National Science Foundation. The origi- 
nal article appeared in the Zool. Zhurnal, 1958, 
vol. 37:1682-1692. 
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of the dearth of published information on 
the pogonophore nervous system. 

I studied the nervous system of Sibogli- 
num caulleryi Ivanov, Polybrachia annu- 
lata Ivanov, Lamellisabella zachsi Uscha- 
kov, and Spirobrachia grandis Ivanov on 
series of sections stained with borax car- 
mine, iron hematoxylin, and Mallory’s 
stain. 

The nervous system of the Pogonophora 
is located entirely in the epidermal epi- 
thelium and in this respect is extremely 
primitive and similar to the nervous ap- 
paratus of the Hemichordata, Phoronida, 
and the ectoneural system of Asteroidea. 
Histologically the nervous system has 
much in common with that of Enter- 
opneusta and Phoronida. 

The structural features of the epider- 
mis vary widely, both in the different 
species of Pogonophora and in different 
body areas of one specimen. The epider- 
mis is distinguished by the vigorous de- 
velopment of cuticle, and generally con- 
sists of epidermal cells, glandular cells, 
and neural elements. The last exist in 
the form of ganglionic and sensory cells, 
and a more or less thick layer of nerve 
fibrils. The epidermis has a basement 
membrane attached on its inner surface 
to the circular layer of a cutaneous- 
muscular sac. 

However, without the use of special 
stains, it is difficult to say whether Pogo- 
nophora have a continuous cutaneous 
nervous plexus. In many body areas, 


there seems no doubt of its existence 
whereas in other parts, e.g., the tentacles 
and postannular region of the metasome, 
it appears absent. In any case, the gen- 
eral nervous plexus is much more weakly 
developed than in Enteropneusta and 
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Phoronida, in which it is easily discerned, 
even without special methods of treat- 
ment. 

A fibrous nervous layer is developed 
petween the basal ends of the epidermal 
and glandular cells and extends to the 
basement membrane (Fig. 1, nf). In cer- 
tain areas (the central nervous regions 
or the main conducting pathways) the 
nervous layer is particularly strongly de- 
veloped, but is usually separated from 
the rest of the epidermis; consequently, 
it is quite difficult to establish the bound- 
aries of the central section of the nerv- 
ous system. 

The greatly thickened epidermis of the 
dorsal side of the protosome contains a 
large nervous mass which, following 
Johansson (1939), I call “brain.” Anteri- 
orly it extends far beyond the level of 
attachment of the tentacles, leaving free 
only the glandular elements of the an- 
terior half of the cephalic lobe; while pos- 
teriorly it extends to the posterior mar- 


Cl. — 


O05 um 








gin of the protosome (Fig. 2, cer). At the 
level of attachment of the tentacular ap- 
paratus, the brain sends out lateral pro- 
tuberances that extend to the ventral side 
where they unite, thus forming a com- 
plete nervous circle (Fig. 2, an.c). From 
the lateral surfaces of this ring issue the 
tentacular nerves (Fig. 2, nt). From 
the posterior surface of the brain issues a 
middorsal azygous column of nerve fibers 
(Fig. 2, n.d) that continues to the pos- 
terior end of the body. 

The anterior dorsal part of the brain 
is distinguished by a considerable thick- 
ness and consists of two, not sharply 
separated, layers, a basal fibrous layer 
and a distal ganglionic layer (Fig. 3). 
The ganglion cells lie in small recesses 
between the bases of the epidermal cells 
(Fig. 3, lac); these recesses are probably 
artifacts. The ganglion cells are distin- 
guished, apart from their form, by a large 
nucleus and homogeneous plasm often 
containing Nissl bodies. The ganglion 


Fic. 1. Cross section of the body wall of 
the protosome, Oligobrachia dogieli. 
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cells are differentiated into large uni- 
polar elements (Fig. 3, c.n.w) and much 
smaller multipolar elements (Fig. 3, 
c.mn.m); there are also present fusiform 
bipolar sensory cells with elongated oval 
nuclei (Fig. 3, c.s). The fibrous layer of 
the brain consists of thick longitudinal 
(Fig. 3, f.l1) and transverse (Fig. 3, f.t) 
bundles of nerve fibers. Between the 
groups of ganglion cells and fibrous 
bundles pass the basal ends of the epi- 
dermal cells (Fig. 3), containing well- 
developed tonofibrils (Fig. 3, ton). There 















SYSTEMATIC ZOOLOGY 





pap 


“ALY | 


Fic. 2. Scheme of the nervous systera of Polybrachia annulata from the dorsal (A) and 
left (B) sides; and of Siboglinum caulleryi from the dorsal (C) and left (D) sides. 





are usually no glandular epidermal cells 
in the brain region. Among the neuro 
fibrillar bundles, particular strength is 
attained by the dorsal transverse com- 
missural bundle passing into the posterior 
part of the cephalic lobe (Fig. 2, com), 
and by a pair of dorsal longitudinal bun- 
dles (Fig. 2, con), lying opposite two 
rows of cephalic dorsoventral muscles. 
The lateral and ventral regions of the 
brain ring consist mainly of transverse 
nerve fibers; ganglion cells are notably 
fewer in number. The posterior part of 
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Fic. 3. Cross section of the epidermis in the region of the brain of Spirobrachia grandis. 


the brain, situated behind the level of 
the nervous ring, already presents the 
structure of the middorsal nerve trunk; 
it is fibrous in character and contains few 
ganglion cells (Fig. 4, n.d). It is of com- 
paratively insignificant thickness; among 
humerous longitudinal nerve fibers are 
frequently distinguished two rather thick 
bundles which represent an extension of 
the tracts situated opposite the rows of 
dorsoventral muscles (Fig. 4, m.dv). 


These bundles are much more noticeable 
in representatives of the order Atheca- 
nephria because of the vigorous develop- 
ment there of the rows of muscles (Fig. 4, 
m.dv). 

The dorsal nerve trunk consists of com- 
pactly arranged longitudinal bundles of 
nerve fibrils. It is narrow in the area of 
the mesosome but widens in the anterior 
part of the metasome and forms a fine 
nervous plate for the ciliary band (Fig. 5, 
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Fic. 4, Part of a cross section at the level of the heart and pericardium of Oligobrachia dogieli, 
















“i Fi yh mh, 


oS Nh A Caer 









plnm 


Core 


Ql um 


Fic. 5. Part of a transverse section of the anterior part of the metasome of a female 
Polybrachia annulata. 
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Fic. 6. Cross section showing the dorsal nerve trunk in the middle of the metasome of 
Polybrachia annulata. 
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pl.n); this plate consists of minute fibrous 
pundles that are more or less separated 
by the basal ends of the ciliated epider- 
mal cells. These bundles are in contact 
distally with large ganglion cells (Fig. 8, 
en). The lateral margins of the nervous 
plate, extending slightly beyond the lat- 
eral limits of the ciliary band, are formed 
of fairly thick bundles of nerve fibrils 
(Fig. 5, pl.n.m). Posterior to the ciliary 
band the middorsal trunk again narrows 
(Fig. 2, n.d) and is here composed of 
comparatively few fibrous tracts (Fig. 6, 
n.d). 

In the region of the mesosome, the mid- 
dorsal nerve trunk of Spirobrachia gran- 
dis and beklemischevi is highly peculiar, 
in that here the dorsal epidermis is in- 
vaginated, forming a deep median groove, 
along the floor of which the nerve trunk 
passes (Fig. 7, n.d). This groove is par- 
ticularly strongly developed in the an- 
terior part of the mesosome and gradu- 
ally evens out at its posterior margin. 
The dorsal edges of the cuticular ridges 
of the frenulum (bridle) are located in 
the area of this epidermal groove (Fig. 
7, f) (Ivanov, 1952, 1957) and the muscle 
fibers of the frenulum are situated at the 
sides of the groove (Fig. 7, m.f). Since 
contraction of these fibers evaginates the 
epidermal columns carrying the ridges, 
I at first proposed that the groove is a 
temporary formation and that the ridges 
appear only on contraction of the above- 
mentioned musculature. However, care- 
ful study of the preparations demon- 
strated that the epidermal invagination 
is so strongly developed that it retains 
the character of a deep nervous groove 
even with complete relaxation of the 
muscles. Moreover, the groove extends 
far posterior to the frenulum. 

Thus, in the most differentiated Pogo- 
nophora—in which group the genus 
Spirobrachia is undoubtedly included— 
the middorsal nervous trunk of the meso- 
some occurs essentially in the primary 
stage of development of a nervous tube. 
As we know, the sinking of the nervous 


groove and its subsequent separation 
from the epidermis to close into a ner- 
vous tube, is a process singularly char- 
acteristic of Enteropneusta and Chordata. 
An analogous but no less characteristic 
process is the formation of epineural 
canals in Echinodermata, containing in 
their epithelial walls the stem of the 
ectoneural system. 

It is interesting that the dorsal nerve 
trunk of Lamellisabella, Polybrachia, and 
Spirobrachia contains giant nerve fibers 
composed of a homogeneous substance, 
ie., neurochords (Fig. 6, nc). They are 
detectable in Polybrachia annulata and 
Lamellisabella zachsi throughout the en- 
tire preannular region of the body, and 
apparently extend also into the meso- 
some, as is clearly discernible in sections 
of this part of the body in Spirobrachia 
grandis (Fig. 7, nc). The ganglion cells 
of the giant fibers probably lie in the 
brain; possibly these giant fibers are 
large unipolar elements. 

Since the giant fibers (occurring also 
in other invertebrates, e.g., nemerteans, 
annelids, phoronids, enteropneusts) are 
the axones of motor nerve cells, it is 
probable that their presence in pogo- 
nophores is connected with the necessity 
of instantaneous contraction of the longi- 
tudinal musculature at the moment of 
“escape into the tube” when in danger 
(Ivanov, 1952). This rapid contraction 
must take place only in the portion of the 
body located anterior to the bands of 
jagged papillae with which the animal 
fixes itself firmly to the wall of the tube, 
i.e., the preannular region of the body. 
Rapid contraction of the postannular part 
of the body for rapid escape is entirely 
useless. Apparently this is the reason 
that the neurochords are developed only 
anterior to the bands. 

Ganglion cells are rare in the middorsal 
nerve trunk but their number increases 
noticeably at the level of the bands and 
in certain species, e.g., Lamellisabella 
zachsi, they are so numerous as to form 
a ganglionic mass. The development of 
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Fic. 7. Cross section of the mesosome of Spirobrachia grandis, showing invaginated 


dorsal nerve trunk. 


this is probably connected with the in- 
nervation of special muscles that cause 
the evagination and invagination of the 
bands, thus serving to attach and detach 
the jagged papillae. In the postannular 
region of the body, the dorsal nerve trunk 
narrows greatly but is clearly visible and 
traceable to the posterior end. 

In the remaining portions of the body 
the nerve plexus is either entirely im- 
perceptible or is very weakly developed, 
consisting of a fine and fragile layer of 
nerve fibrils. However, at the level of 
the frenulum at the border between 
meso- and metasome the fibrillar plexus 
is slightly thicker, and in corresponding 
locations in certain species, e.g., Sibogli- 
num caulleryi, Lamellisabella zachsi, and 
Spirobrachia grandis, there exist more or 
less complete anterior and _ posterior 
nerve rings formed of transverse fibers 
(Fig. 2, an.a, an.p). In the two latter 
species, these rings even contain ganglion 
cells, and L. zachsi has still another com- 
plete ring of cutaneous nerve fibers at 
the level of the ganglionic mass of the 
bands mentioned above. 

Each tentacle is innervated by one 
nerve passing along its outer side in the 
thicker epidermis (Johansson, 1939; 


Ivanov, 1955). No ganglion cells occur 
in the tentacles. 

It was impossible to make any observa- 
tions on the innervation of the muscula- 
ture or any internal organs; possibly this 
innervation is accomplished by the nerve 
fibers of the epidermal nervous layer 
passing through the basement membrane 
as reported by Silén (1954) for Phoronis. 

Silén (1950) reported that Enterop- 
neusta possess a coelomic nervous system 
located in the peritoneum of the ventral 
mesentery, consisting of a nerve plexus 
and motor nerves and connected with the 
epidermal and intestinal nervous systems. 
But Knight-Jones (1952) believes that 
Silén’s photographs are not conclusive 
and suggests that the nervous elements 
claimed by Silén in the coelomic epi- 
thelium are artifacts. Nevertheless, the 
existence of a coelomic nervous system 
in Enteropneusta is a priori probable, 
since this type of nervous system was dis 
covered long ago in echinoderms (hype 
neural and apical systems). Therefore, 
in studying the nervous apparatus of 
Pogonophora, I devoted particular atten 
tion to the histology of the coelomic epi- 
thelium. However, without the use d 
special methods of treatment, I did not 








nated 


ecur 


erva- 
cula- 
’ this 
lerve 
layer 
rane 


erop- 
‘stem 
ntral 
lexus 
h the 
tems. 

that 
usive 
nents 

epi- 
, the 
stem 
yable, 
s dis 
hypo- 
efore, 
is of 
atten- 
C epi- 


d not 





} 





NERVOUS SYSTEM OF POGONOPHORA 





103 





succeed in disclosing any nervous ele- 
ments of coelomic nature in Pogonophora. 

Thus, Pogonophora possess a single 
middorsal nerve trunk extending from 
the brain to the posterior end of the body. 
According to Jagersten (1956) Sibogli- 
num ekmani has a pair of longitudinal 
nerve trunks. In support of this thesis 
(‘parapharyngeal connectives”) he re- 
fers to the above-described paired longi- 
tudinal fibrous tracts in the posterior re- 
gion of the brain. Actually in transverse 
sections through the protosome of such 
minute forms as Siboglinum, it is easy 
to overlook the nervous tissue bordering 
the above-mentioned tracts, whereas the 
tracts themselves are always in evidence. 
Apparently, Jagersten also overlooked 
the nervous plate underlying the ciliary 
band of the metasome; he perceived only 
its lateral margins which he interpreted 
as a pair of longitudinal trunks separated 
from each other. He believed that these 
paired trunks merged in those body areas 
where the middorsal nerve trunk is nar- 
rowed (in the mesosome and behind the 
ciliary band in the metasome). For rea- 
sons clarified later, Jagersten believed 
these longitudinal trunks are situated on 
the ventral side of the body and com- 
pared them with the nerve trunks of 
other invertebrates, apparently of such 
forms as annelids and arthropods. As the 
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facts presented above indicate, such an 
interpretation of the nervous system of 
Pogonophora is without basis. 

The above-reported close connection 
between the dorsal ciliary band and the 
dorsal nerve trunk is highly characteris- 
tic and permits some conclusions as to 
the possible function of the ciliary band. 
This band was already discovered by 
Caullery (1914) in Siboglinum weberi 
and believed by him to be situated ven- 
trally. It was subsequently observed 
in Lamellisabella zachsi by Johansson 
(1939), and recently observed in many 
other Pogonophora (Ivanov, 1957), being 
undoubtedly peculiar to all members of 
the phylum. The dorsal ciliary band be- 
gins at the anterior margin of the meta- 
some and extends backward for a con- 
siderable distance, usually terminating in 
that area of the metasome where the 
metameric arrangement of the ventral 
suction papillae becomes irregular. How- 
ever, Polybrachia annulata possesses still 
another dorsal ciliary band in the pos- 
terior half of the preannular region of the 
metasome. The histological structure of 
the ciliary band is shown in Figure 8. 
The cilia are easily lost in Siboglinum 
caulleryi. 

The well-developed basal nervous layer 
of the ciliary band contains ganglion cells 
(Fig. 8, c.n); the band is probably of 





Fic. 8. Part of transverse section through the anterior part of the metasome of Lamel- 


lisabella zachsi, showing the dorsal ciliary band. 
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chemoreceptive nature (Ivanov, 1952, 
1955). Jagersten (1956), finding no con- 
nection between it and the nervous sys- 
tem, interpreted the band as a remnant 
of a special organ of locomotion that pre- 
sumably was developed in the crawling 
ancestors of Pogonophora on the ventral 
surface of the body. He also assumed 
that such ancestors possessed tentacles 
on the side opposite the substrate, i.e., on 
the back. Thus Jagersten, following 
Caullery (1944) and Dawydoff (1948) be- 
lieved that the ciliary band of the meta- 
some is on the ventral side and that the 
opposite side is dorsal. Jagersten’s argu- 
ments have the character of unproved 
speculative assumptions that are easily 
refuted. There is no proof that the ciliary 
band ever had a locomotive function or 
was part of a ventral organ of movement. 
It is easier to suppose that it is the rem- 
nant of a common ciliary sheath and has 
secondarily acquired a sensory function. 
But the vigorous development of gangli- 
onic elements as for example in P. an- 
nulata (Fig. 5, c.n) and L. zachsi (Fig. 8, 
c.n) gives this band the character of a 
functioning rather than of a rudimentary 
organ. Jagersten’s suggestion of a crawl- 
ing habit as the ancestral form of life is 
also pure assumption. The development 
of tentacles more probably indicates a 
sedentary way of life. 

In the present article, as in my previ- 
ous reports, I agree with the opinion first 
expressed by Johansson (1937) that it is 
the dorsal side of the body that bears 
the cephalic lobe with the brain, the cili- 
ary band, and the median nerve trunk. It 
must be assumed that, inasmuch as Pogo- 
nophora possess a tri-regional plan of 
structure in common with the lower Deu- 
terostomia (Ivanov, 1955a), their median 
nerve trunk, which is well-developed 
throughout the body, is dorsal. 

If we discount scattered sensory cells 
of the cephalic lobe, then only the dorsal 
ciliary band of the metasome can be con- 
sidered with probability as a sense organ. 
No other sense organs exist in Pogo- 
nophora. Dawydoff (1948) suggested 


that the frenulum of Siboglinum weber 
which he, in agreement with Caullery 
(1944), considered to be oblique striae 
bordered by narrow cells, is homologoys 
with the preoral ciliary organ on the 
proboscis of Saccoglossus cambrensis, de. 
scribed by Brambell and Cole (1939), 
However, the frenulum of Pogonophora 
consists of cuticular carinae and, more 
over, is situated on the mesosome (Usha- 
kov, 1933; Ivanov, 1952, 1955, 1957). 
Clearly it is not comparable to the ciliary 
organ on the proboscis of Enteropneusta, 
nor can it be considered as of sensory 
nature. Probably, the role of the frenu- 
lum is analogous to that of the cuticular 
plates of the suction papillae of the meta- 
some; the frenulum apparently accom- 
plishes attachment to the inner surface 
of the tube when the animal retracts into 
the tube, or serves to fix the anterior end 
of the body in the tube temporarily. 

As in Hemichordata and Chordata, the 
nervous apparatus of the Pogonophora is 
basically a longitudinal dorsal trunk. 
However, Pogonophora differ from En- 
teropneusta in the absence of a ventral 
trunk. The latter is always well developed 
in Enteropneusta in the metasome and 
is more significant physiologically than 
the middorsal trunk (Bullock, 1940). We 
may agree with Jagersten (1956) that the 
nervous ring at the mesosome-metasome 
boundary corresponds to the prebranchial 
nerve ring of Enteropneusta which con- 
nects the dorsal and ventral trunks. 
Moreover, the brain ring of Pogonophora 
may correspond to the anterior nerve 
ring developed at the base of the pro 
boscis in many enteropneusts (Knight- 
Jones, 1952). Finally, in Pogonophora as 
in Enteropneusta, the nervous system is 
intraepidermal. Regarding the histologi- 
cal peculiarities of the cutaneous nerve 
plexus, which has not yet been investi- 
gated, we may report so far only the most 
general similarity to that of Enterop 
neusta. 

The essential differences in the nerv- 
ous system of the compared groups— 
apart from the absence in Pogonophora 
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of a ventral trunk—include also the ab- 
sence of a nervous tube and the location 
of the brain in the protosome in Pogo- 
nophora. As we know, in the collar of 
Enteropneusta, the dorsal nerve trunk 
takes the form of a tube without sheaths 
(Spengel, 1877; Shimkevich, 1889; Dawy- 
doff, 1948). Pogonophora do not have a 
nerve tube but it is remarkable that in 
certain species of Spirobrachia, the nerve 
trunk of the mesosome lies at the bottom 
of a deep, trough-like, median epidermal 
invagination. It was already mentioned 
above that this situation may be con- 
sidered as the beginning of the embed- 
ding of the nervous system, i.e., the first 
stage of development of a nervous tube. 

The physiological experiments con- 
ducted on Balanoglossus and Saccoglos- 
sus by Bullock (1940) clearly demon- 
strated that the nervous tube of the 
collar, to which was ascribed the role of 
central organ or brain by Dawydoff 
(1948), actually has no such significance 
and is mainly a conducting pathway like 
other parts of the nervous apparatus. 
This is indicated by the considerable 
number of longitudinal fibers in the nerv- 
ous tube that are arranged similarly to 
the other longitudinal nervous pathways 
(Knight-Jones, 1952). 

The proboscis of Saccoglossus is re- 
ported to have a rather complex system 
of longitudinal and transverse nerv- 
ous tracts, including the preoral nerve 
ring (Knight-Jones, 1952). Koshtoyants 
(1957) believes that, in the region of the 
proboscis, not only is excitation con- 
ducted, but reflex processes occur also, 





with the evocation of “nervous impulses 
which are related to the integration of 
locomotor action in the animal as a 
whole.” Nevertheless, the proboscis of 
enteropneusts reveals no anatomically 
expressed ganglionic masses that could 
be considered as the centralized part of 
the nervous apparatus. According to 
Bullock (1945) and Knight-Jones (1952) 
the nerve cell bodies of Enteropneusta 
are distributed more or less diffusely in 
the epidermis. 

On the contrary, the massive dorsal 
aggregate of ganglionic cells in the proto- 
some of Pogonophora represents a true— 
although very primitive—central section 
of the nervous system deserving the 
designation of “brain.” Although very 
little is known as yet about its structure, 
clearly this ganglionic mass possesses a 
proper structural design; this is apparent 
if only by the correct distribution of main 
fibrous tracts within it. In this respect 
the nervous system of Pogonophora is 
considerably higher than that of Enterop- 
neusta. Another indication of its higher 
differentiation is the weak development 
of the epidermal nerve plexus. 

Finally, there is a difference in the de- 
velopment of the giant nerve fibers. They 
appear to be more extensive in Pogo- 
nophora than in Enteropneusta, extend- 
ing posteriorly as far as the belts. 

Thus, although the nervous system of 
Pogonophora reveals certain structural 
features in common with the nervous 
system of Enteropneusta, it has many es- 
sential differences. 


Explanation of abbreviations on figures 


an.a, mesosomal nervous ring; an.c, protosomal nervous ring; an.p, nervous ring at meso- 
metasomal boundary; b.c, dorsal ciliary band; c, cephalic lobe; c.c, chlorogogue cells; c.ci, 
ciliated cells; c.ep, epidermal cells; cer, brain; c.g, glandular epidermal cells; cil, cilia; cn, 

ganglion cell; c.n.m, multipolar ganglion cell; ¢c.n.u, unipolar ganglion cell; col, mesosomal 
coelom; com, transverse bundle of nerve fibers; con, longitudinal bundle of nerve fibers; cor, 
heart; cor.c, cardiac body; c.s, sensory cells; c.t, crown of tentacles; cu, cuticle; ep, epidermis; 
| f, frenulum; f.l, longitudinal bundle of nerve fibers; f.t, transverse bundle of nerve fibers; int, 

intima of the dorsal vessel; lac, lacuna; m.b, basement membrane; m.c, circular muscle layer; 
m.dv, dorsoventral bundles of muscle fibers; m.f, muscle fibers of the frenular column; m.l, 
longitudinal muscle layer; ms, mesosome; mts, metasome; my, myocyte; ne, neurochord; n.d, 
' dorsal nerve trunk; nf, layer of neurofibrils; ov, ovary; pap, suction papillae; per, peritoneum; 
perte, pericardial sac; pl, suction plate; pl.n.m, marginal thickening of the dorsal nervous plate; 
PS, protosome; s, cuticular secretion; t, tentacle; ton, tonofibrils; v.d, dorsal blood vessel. 





@ 


& SP scFFE FFLETSEE of 





“~ 


eee Sias 


— 





SYSTEMATIC ZOOLOgy 





REFERENCES 


BRAMBELL, E. W. and Cots, H. A. 1939. The 
preoral ciliary organ of the Enteropneusta; 
its occurrence, structure, and possible phy- 
logenetic significance. Proc. Zool. Soc. Lon- 
don, 109B:181-193. 

Buttock, T. H. 1940. The functional organi- 
zation of the nervous system of Enter- 
opneusta. Biol. Bull., 79:91-113. 

1944. The giant nerve fiber system in 

balanoglossids. Jour. Comp. Neurol., 80:355- 

367. 








1945. The anatomical organization of 
the nervous system of Enteropneusta. 
Quart. Jour. Microsc. Sci., 86:55-112. 

CauLLery, M. 1914. Sur les Siboglinidae, type 
nouveau d’invertébrés recueille par 1l’ex- 
pédition du Siboga. C. R. Acad. Sci. Paris, 
158:2014. 

1944. Siboglinum Caullery, 1914, type 
nouveau d’invertébrés d’affinités a preciser. 
Siboga Exped. Monogr. 25bis. 

Dawyoborr, C. 1948. Contribution a la connais- 
sance de Siboglinum Caullery. Bull. Biol. 
France Belgique, 82:141-163. 

Ivanov, A. V. 1952. New Pogonophora from 
far eastern seas. Zool. Zhurnal, 31:372-391; 
Engl. transl. in Syst. Zool., 3:69-79. 

1955a. Basic features of the organiza- 

tion of the Pogonophora. Doklady Akad. 

Nauk USSR, 100:175-177; Engl. transl. in 

Syst. Zool., 4:171-174. 

1955b. On the assignment of the class 

Pogonophora to a separate phylum of Deu- 

terostomia—Brachiata A. Ivanov, phylum 

nov. Doklady Akad. Nauk USSR, 100:595- 

596; Engl. transl. in Syst. Zool., 4:177. 

1957. Neue Pogonophora aus dem 














nordwestlichen Teil des Stillen Ozeans. Zool. 


Jahrb. Abt. System., 85:431-500. 

JAGERSTEN, G. 1956. Investigations on Sibo- 
glinum ekmani, n. sp., encountered in the 
Skagerak with some general remarks on the 
group Pogonophora. Zool. Bidrag, 31:211- 
252. 


Jonansson, K. E. 1937. Uber Lamellisabelig 
zachsi und ihre systematische Stellung. 
Zool. Anz., 117:23-26. 

1939. Lamellisabella zachsi Uschakoy, 
ein Vertreter einer neuen Tierklasse Pogo. 
nophora. Zool. Bidrag, 18:253—268. 

KNIGHT-JONEs, E. W. 1952. On the nervous 
system of Saccoglossus cambrensis (Enter. 
opneusta). Philos. Trans. Roy. Soc. London, 
236 B:315-354. 

KosHtToyants, Ku. S. 1957. Osnovy srayni. 
tel’noy fiziologii (Principles of comparative 
physiology), vol. II, Moscow. 

SHIMKEVICH, V. M. 1889. Observations of 
fauna of the White Sea. I. Balanoglossys 
mereschkowskii Wagner, Petersburg. 

Sirtn, L. 1950. On the nervous system of 
Glossobalanus marginatus Meek (Enter. 
opneusta). Acta Zoologica, 31:149-175. 

1954. On the nervous system of Phoro. 
nis. Arkiv Zoologi, ser. 2, 6:1-40. 

SPENGEL, J. W. 1877. Ueber den Bau und die 
Entwicklung des Balanoglossus. Amtl. Ber. 
50 Versamml. Deutsch. Naturforsch. Arzte, 
1:176. 

1884. Zur Anatomie des Balanoglossus, 

Mitth. Zool. Stat. Neapel, 5:494—508. 

1893. Die Enteropneusten des Golfes 
von Neapel. Fauna und Flora des Golfes 
von Neapel, Monogr. 18. 

Uscuakov, P. 1933. Eine neue Form der 
Famille Sabellidae. Zool. Anz., 104:205-208, 


A. V. IVANOV holds the chair of inverte. 
brate zoology in the University of Leningrad 
and has become known throughout the zoolog. 
ical world by his valuable studies on the 
Pogonophora. The editor considers that un- 
certainty still remains as to which is the dor. 
sal, which the ventral side of Pogonophora. 
In a letter to the editor Ivanov withdrew his 
previous statement that the tubes of the Po- 
gonophora consist of cellulose. Brunet and 
Carlisle (Nature, London, 1958, 182:1689) 
have reported chitin in the tubes of four spe 
cies of Pogonophora. For reprints of Ivanov’s 
article apply to the editor. 
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Problems in the Spider Genus 
Steatoda (Theridiidae)’ 


HE publication of my paper on 
Steatoda (1957) resulted in corre- 
spondence regarding both my concept of 
species and my lumping of several small, 
well-established genera with Steatoda. 
Although the latter is a subjective mat- 
ter, an attempt is made here to answer 
poth criticisms, although some of the 
questions raised were already answered 
in my recent paper, a revision of the re- 
lated black-widow spiders (Levi, 1959). 
Spiders are not well known. The num- 
ber of revisionary studies has been sur- 
prisingly small, although there are sev- 
eral excellent manuals for spiders of 
northern Europe and one for the north- 
eastern United States. The former treats 
the limited faunas within political bor- 
ders. Examining revisionary studies, 
many by American arachnologists, we 
find that many of the so-called “difficult” 
species groups are actually allopatric and 
some may well be series of subspecies. 
Unfortunately arachnology has been slow 
to accept modern systematic standards, 
and is still in the stage of making new 
species. While spiders are abundant, and 
there are numerous species of them, the 
number of individuals of any particular 
species in collections is often very small. 
If these individuals from different locali- 
ties differ from each other, are they all 
different species? How much difference 
should be acceptable within a species? 
Answers to such questions are not simple 
and depend, of course, on individual vari- 
ation at a single locality as well as geo- 
graphical distributions of differences and 
clines (Levi, 1959). Thus, our judgement 
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depends to a great extent on the number 
of specimens, or the total sample of the 
population available. It is not surprising, 
then, that several other arachnologists 
who have examined Steatoda punctulata 
(Marx) [=S. medialis (Banks)] have 
come to conclusions different from mine. 
One of my correspondents thinks that 
there are “six or eight” species, another 
that there are two species, readily distin- 
guished by the rows of spots on the 
dorsum of the abdomen. After reexamin- 
ing the specimens, I still cannot agree 
with the former view, but come close to 
the second opinion. 

Excessive splitting destroys the evi- 
dence contributed by the study of spiders 
to the knowledge of biology. Systematic 
work becomes buried in names. A great 
deal of taxonomic work is done by com- 
paring two specimens, finding them dif- 
ferent, and then comparing them to other 
specimens available. This method, use- 
ful as it may be at times, involves errors 
of subjectivity. 

An attempt is made here to study the 
actual populations as represented by a 
series of preserved specimens and to 
study the coincidence of variation of dif- 
ferent characters. Also an attempt is 
made to evaluate the personal error in 
examining specimens. But this is diffi- 
cult. Any two dimensional representa- 
tion of a three dimensional structure is 
subject to distortion; it is virtually im- 
possible invariably to place the same 
structure in different animals in the same 
position to draw (Figs. 13-15). Measure- 
ments taken may not be of diagnostic 
characters or may accidentally hide them. 
Also it is always possible completely to 
overlook an important character which 
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is obvious to another observer. There is lections, we can tell more about the prob- 
no doubt, however, that my conclusions lem. Unfortunately nothing is known of 
would have been different had I dealt the ecology of these spiders, as Virtually 
with smaller samples. When twice the none of the collections is accompanied by 
present number of specimens are in col-_ ecological data. 
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Fics. 1-15. Variation in Steatoda punctulata. 1-6, dorsal view of eyes of female; 1-5 from 
same collection from 25 miles north of The Gap, Navajo Indian Reservation, Arizona; 3, 4, 
same individual at slightly different angles; 6, specimen from Mono County, California. 

7-8, epigyna of female, with two rows of abdominal spots; 7, Santa Catalina Mts., Arizona 
(value 11); 8, 30 miles east of General Bravo, Nuevo Leén (value 11). 

9-12, epigyna of female with one row of or with no abdominal spots; 9, Sal Si Puedes, 
Gulf of California (value 12); 10-12, 25 miles north of The Gap, Navajo Indian Reservation, 
Arizona; 10, value 16-17; 11, value 18-21; 12, value 32-43. 

13-15, palpus in mesal view, showing (in black) median apophysis; same specimen (H 
from Santa Catalina Mts., Arizona), drawn at slightly different angles. 
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The Genus Problem 


In my revision of the genus Steatoda 
(1957), the genera Asagena, Lithy- 
phantes, Teutana, and Steatoda were 
combined. The characters used to sepa- 
rate these genera were derived from 
the very limited European fauna. Refer- 
ence to American species and examina- 
tion of species from other parts of the 
world, gives further evidence that it is 
necessary to combine the genera. Ex- 
amination of the type species of nominal 
theridiid genera reveals that Steatoda 
has a large number of synonyms, almost 
all monotypic genera, and most of them 
based on small differences in eye arrange- 
ment in the single specimen available. 
However, in a series of specimens of a 
variable species or species group, such as 
Steatoda punctulata, we find that this 
particular character is among the most 
variable. Figures 1 to 5 were made from 
the same collection. Using a key to Euro- 
pean genera, some individuals of S. punc- 
tulata key out to Steatoda, others to 
Lithyphantes. A specimen from nearby 
California (Fig. 6) readily keys out to 
Teutana. As a control for errors in draw- 
ing, one specimen is represented twice 
(Figs. 3, 4) in slightly different positions. 
Synonyms of Steatoda grossa (C. L. 
Koch) have been described under all four 
generic names. While Asagena phalerata, 
the type species of Asagena, is more dis- 
tinct, some other species of Asagena were 
actually the males of females described 
in Lithyphantes. Because of this diffi- 
culty in distinguishing the two genera, I 
feel that Asagena phalerata does not war- 
rant a separate monotypic genus. 


The Species Problem 


Where we have only a few samples of 
allopatric populations of closely related 
species, we can not be sure whether these 
are separate species or interbreeding 
populations (Levi, 1959). Occasional er- 
tors of judgment resulting in splitting 
or lumping are unavoidable; they can be 


corrected on the basis of additional col- 
lections. The two most variable species 
in my 1957 paper are Steatoda pulcher 
(Keyserling) and Steatoda punctulata 
(Marx).? The former consists of series 
of allopatric populations, several charac- 
ters of which seem to be clinal. Only 
many more specimens will indicate 
whether my decision to combine all these 
populations in a single species is right or 
wrong. 

In Steatoda punctulata, however, there 
is variability within populations. Mr. V. 
Roth (litt., Oct. 22, 1957) believes that 
“six or eight valid species” are confused, 
while Dr. W. J. Gertsch (litt., Nov. 17, 
1958) believes there are “at least two 
species.” * This problem is not a simple 
one and our opinions depend, in part, on 
the size of the population sample ex- 
amined. In this paper I have made an 
attempt to get away from subjective ob- 
servations and to translate statements into 
quantitative terms. 

Procedure and results. To prepare Fig- 
ure 16, one female of each collection (or 
collecting site) was pulled out of the vial 
and examined for abdominal pattern and 
epigynum (the external female genitalia). 


*Dr. Gertsch made me aware of an error 
regarding names in my revision. While I 
thought I was the first revisor and could 
choose between names having page priority, 
R. V. Chamberlin, 1924, (Proc. Calif. Acad. Sci., 
12: (28), 116] synonymized medialis with punc- 
tulata and must therefore be considered the 
first revisor. Since none of his specimens were 
available for study, his paper was ignored at 
the time. 

* After reading the draft of this paper and 
reexamining the collections Dr. Gertsch finally 
decided that there are four species involved: 
punctulata with two rows of spots from Texas 
to western Mexico, medialis with a single row 
of spots from southern California to Baja Cali- 
fornia, sometimes with two rows of median 
spots (“In Jalisco it looks just like punctu- 
lata’), and two variable species which are 
sympatric with each other in Utah: one occurs 
also in northern California, the other is in 
part sympatric with punctulata in Mexico. 
For the purposes of separating these Dr. 
Gertsch has given attention to the internal 
female genitalia (litt., February 16, 1959). 
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Fic. 16. Distribution of abdomi 
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mal point). There are some errors in this 
procedure: I discovered later that I had 
inadvertently pulled out the biggest fe- 
male in the vial (to make sure it was ma- 
ture). Also, the proportions of the epigy- 
num do not represent all variables: 
others are the angle of the anterior 
median point and the area between lobes 
(Figs. 7-12). However, the area between 
lobes varies in part with the size of the 
lobes. Another difficulty is that the left 
and right sides of the structure are not 
always the same (Figs. 11, 12) and it is 
often difficult to repeat measurements at 
exactly the same point. The result, on 
the map, is that the lowest values for 
epigyna, if measured again, might be in- 
creased or decreased by 2; higher figures 
would have greater errors: a value of 
30 might be increased or decreased by 10. 


There are two difficulties in repeating 
measurements of epigyna with large 
lobes: lobes are more asymmetrical, and 
the width of the median (B) portion is 
more difficult to repeat (Fig. 12). The 
method is useful despite its shortcomings. 

We find in Figure 16 that the lowest 
epigynal values are generally correlated 
with two rows of spots on the abdomen, 
or one row of spots plus extra spots on 
the sides (Baja California). The highest 
epigynal values are correlated with the 
darkest specimens. In Utah, spiders with 
fused spots have higher epigynal values 
than those with the spots separate. In 
the central portion of the range (Arizona, 
north central Mexico) populations may 
be with one row of spots or all black, or 
with two rows of spots, possibly an indi- 
cation of two species. 
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Fic. 17. Chart showing relationship between epigynal value and abdominal spots; circles 
are areas where specimens with two rows of spots have been found; triangles are values from 


specimens from areas where two-spotted specimens have not been found. 
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A chart was prepared (Fig. 17) to 
demonstrate the relationship between 
spots and epigynal value, using almost all 
of the mature females available. It was 
found that the decision as to how many 
rows of spots is often arbitrary and that 
one’s opinion may be influenced by look- 
ing at the epigynum. One important 
point is apparent: that the variability is 
greatest in the dark specimens, least in 
the ones with two rows of spots. 

A similar procedure was used for males 
(Figs. 18, 19). One male was removed 
from each collection. All palpi were 
drawn to the same scale and traced on the 
map with a diagram of the abdomen 
(Fig. 18). For each specimen, the median 
apophysis also was drawn, with the pal- 
pus in mesal view (Fig. 19). In this pro- 
cedure errors are introduced by the diffi- 
culty of placing palpi in exactly the same 
position for comparison purposes (Figs. 
13-15). Hardly two are exactly alike. 
The slightest tilt gives a different picture 
of the isolated median apophysis, but 
makes less difference in drawings of the 
whole palpus in ventral view. 

In Figure 18 we find that some males 
with one row of abdominal spots have the 
palpus noticeably smaller, the embolus 
shorter; those with two rows have the 
palpus larger and the embolus longer. 
This difference is particularly pronounced 
in the region where both occur together. 
(Unfortunately no males were available 
from Baja California). In several collec- 
tions females had abdominal patterns dif- 
ferent from those of the males with 
which they were collected. 

All collections with more than one 
specimen were then examined. The ab- 
dominal patterns within each collection 
were put on a map (Fig. 20) side by side, 
touching. Underneath each pattern is the 
proportion of the epigynum, or a male 
sign indicating that a male had the pat- 
tern. Several homogenous collections 
from southern Texas were not used be- 
cause there was no room on the map. The 
errors are the same as those of Figure 16. 


Figure 20 clearly shows that the mp. 
jority of collections with more than one 
specimen are not uniform. Several oq). 
lections have specimens with a single row 
of spots as well as with two rows of spots 
(HB, J, K, L, W). From the area jp 
which both one and two rows of spots 
occur, there were five collections includ. 
ing both males and females. In two of 
these five collections, the males and fe 
males had different abdominal patterns! 


Discussion 


Two forms appear sufficiently distinct 
in the central part of the range to suggest 
two species, but it is impossible consist. 
ently to segregate two forms. Collections 
of the specimens with two rows of spots 
from Texas are quite homogenous, speci- 
mens from the western limit of the range 
are also relatively homogenous. In the 
central and southern areas in many col- 
lections hardly two specimens are alike 
Although the variability of genitalia of 
the form with two rows of spots is less 
than of specimens with one row, a line or 
black abdomens, specimens having two 
rows of spots do vary (H, K, O, §, JU, 
Fig. 18; Y, Fig. 20). In general there isa 
cline of epigynal value from specimens 
with two rows of spots to the epigynal 
value of specimens with one row of spots 
in Baja California, to the value of speci- 
mens from southern California, to that 


of specimens from Utah. No males have | 


been collected in Baja California, hence 
we do not know whether we have a simi- 
lar cline in the structure of the palpus. 

To account for the diversity and the 
variation is a difficult matter. It is possi- 
ble that two species hybridized, with the 
black form losing its identity. Another 
possibility is that the two ends of a chain 
of populations have renewed contact and 
are interbreeding. The continuity of 
characters between southern Texas and 
Baja California populations, of the latter 
with those of California; of the California 
with those of Utah, favors the latter hy- 
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Fic. 19. Median apophysis of the male palpus in mesal view; letters refer to the collecting 


site (see Appendix A). 


pothesis. Actually nothing can be de- 
cided until we know something of the 
ecology of the animals. Roth reports 
(litt., March, 1959) that S. medialis is 
“commonly found in rocky deserts under 
rocks” in southwestern Arizona. One col- 
lection with notes is from Colorado: one 
specimen collected among trash and 


stones in a dry area, at 7,000 ft. elevation. 
The critical question, still unanswered, is 
this: do the two forms where they occur 
together have different habitats, and are 
there barriers preventing interbreeding’ 
Only field work in some of the areas where 
there appear to be two forms may pro 
vide an answer to the problem. 
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Fic. 20. Distribution of abdominal pattern and epigynal pattern in collections of more 
than one individual; abdominal patterns that are touching came from the same collection; 


several numbers underneath the pattern indicate several specimens with similar pattern; 
a letters refer to collecting sites (see Appendix B). 
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APPENDIX A 
Collecting data of specimens used in Figures 18, 19. 


A. California: Montgomery Canyon, Mono Co., July 13, 1941 (W. M. Pearce), abdomen 
damaged. B. California: Silver Canyon, Inyo Co., June 27, 1941 (W. M. Pearce). C. Californiq: 
Tanbark Flat, San Gabriel Mts., Los Angeles Co., June 20, 1952 (W. J. Gertsch). D. Utah: 
Salt Lake City, East Bench, June (W. J. Gertsch). E. Arizona: 25 mi. north of The Gap, 
Navajo Indian Res., July 21, 1949 (W. J. & J. W. Gertsch). F. Arizona: Phoenix (Crandall). 
G. Arizona: Tucson, March 7, 1935 (O. Bryant). H. Arizona: Santa Catalina Mts., April, 1937 
(W. D. Porter). I. Arizona: Sweetwater, Santa Rita Mts., 6000 ft., June 25-July 2, 1951 (w. 
S. Creighton). J. Arizona: 5 mi. west of Portal, Aug. 13, 1956 (W. J. Gertsch). K. Arizona: 
5 mi. west of Portal, July, 1955 (W. J. Gertsch). L. Teras: 32 mi. southeast of Laredo, April 
10, 1936 (Haynes). M. Tezas: Llano, Aug. 21, 1940 (L. I. Davis). N. Texas: 30 mi. west of 
Edinburg, July 4, 1935 (S. Mulaik). O. Chihuahua: Primavera, 5500-6000 ft., June 29, 1947 
(W. J. Gertsch). P. Chihuahua: 1 mi. east of La Sauceda, July 21, 1947 (W. J. Gertsch), abdo. 
men missing. Q. Chihuahua: Salaices, Aug. 31, 1947, 5200 ft. (G. M. Bradt). R. Chihuahua: 
Valle de Olivos, 5500 ft., July 20, 1947 (W. J. Gertsch). S. Sinaloa: 6 mi. south of Culiacén, 
July 22, 1954 (W. J. Gertsch). T. Durango: San Juan del Rio, Aug. 1, 1947 (W. J. Gertsch), 
U. Nayarit: Arroyo Santiago, 3 mi. northwest of Jesus Maria July 4/6, 1955 (B. Malkin), 
V. Nueva Leén: China; Nov. 28, 1937 (Davis and Brown). W. Nueva Leén: nr. Monterey km, 
1171, Aug. 20, 1947 (C. and M. Goodnight). X. Tamaulipas: 20 mi. east of Villa Juarez, Nov. 
28, 1941 (L. I. Davis). Y. Hidalgo: Ixmiquilpan, July 6, 1944 (L. I. Davis). Z. Texas: 5 mi, 
west of Rio Grande City, April 10, 1936 (S. Mulaik), with one misshaped palpus. 


APPENDIX B 
Localities of collections used in Figure 20. 


A. California: Clayton, Contra Costa Co. BA. California: Hammil Station, Mono Co, 
BB. California: Silver Canyon, Inyo Co. C. California: Santa Barbara. DA. California: 
Tanbark Flats, San Gabriel Mts., Los Angeles Co. DB. California: San Antonio Canyon, near 
Claremont. E. Utah: Salt Lake City. FA. Utah: Fruita. FB. Utah: 2 mi. east of Glenwood, 
Sevier Co. FC. Utah: Fish Lake. G. Arizona: 25 mi. north of the Gap, Navajo Indian 
Reservation. HA. Arizona: Sabino Canyon, Tucson. HB. Arizona: 7 mi. east of Ruby, Santa 
Cruz Co. I. Arizona: 5 mi. west of Portal. J. New Mezico: Hope. K. Texas: El Paso. L. 
Texas: Decatur. M. Texas: Llano. NA. Tezas: 32 mi. east of Laredo. NB. Tezas: 32 mi. 
west of Laredo. NC. Texas: 4 mi. west of Arroyo, Zapato Co. ND. Tezas: 5 mi. west of Rio 
Grande City. NE. Texas: Rio Grande City. NF. Tezas: Rio Grande City. NG. Texas: 5 mi. 
east of Rio Grande City. NH. Tezas: 30 mi. west of Edinburg. NI. Tezas: northwest of 
Edinburg. NJ. Texas: north of McCook. O. Baja California: Sal Si Puedes. P. Baja Cali- 
fornia: San Pedro Martin, Isl. Q. Sonora: Isla Pelicano. R. Chihuahua: 6 mi. south of Gal- 
lego. S. Chihuahua: Primavera. T. Chihuahua: Huejotitan. U. Chihuahua: 1 mi. east of 
La Sauceda. V. Sinaloa: 6 mi. south of Culiacan. W. Nueva Leén: nr. Monterey, km. 171. 
X. Durango: San Juan del Rio. Y. Jalisco: 20 mi. north of La Quemada. 
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Phylogenetic Systematics Versus Typology 


R. S. Bigelow (1956, 1958) discussed 
“Monophyletic classification and evolu- 
tion” and “Classification and phylogeny.” 
He questioned what he called “basic 
tenets of the phylogenetic school,” as 
follows: 


(1) Similarity corresponds with re- 
cency of common ancestry. 

(2) Phylogeny can be _ reconstructed 
without fossil evidence. 

(3) Classification should be based on 
primitive, stable, conservative, non-adap- 
tive characters and not on plastic, adap- 
tive characters. 


He concluded that none of the above 
“basic tenets” can be used for an “ideal” 
classification. The latter cannot be mono- 
phyletic because monophyletic classifica- 
tion conflicts with ‘overall basic simi- 
larity.” Bigelow urged that the “invalid 
assumptions of the phylogenetic school of 
taxonomy should be discarded.” 

While the arguments brought forward 
by Bigelow to invalidate the above “basic 
tenets of the phylogenetic school” are, 
as a whole, quite acceptable, there are a 
few major points to which I, as an addict 
of the modern phylogenetic systematics 
(not school), cannot subscribe. Two of 
these points are here discussed. 

(1) Bigelow states (1956: 146): “Evo- 
lution is change, not time. If classifica- 
tion is to correspond with evolution, it 
must be based on the overall difference, 
not on time.” Now, if one does not, with 
the vast majority of biologists, believe in 
macromutations as a factor in evolution, 
it would seem obvious that “change” can- 
not take place otherwise than in “time” 
because change consist of a continuous 
series of small mutations. On the other 
hand “change” is also a result of isola- 


tion, which latter is, in by far most cases, 
a spatial one. Time and space are ac- 
cordingly to be considered, together with 
change, as the three major factors in evo- 
lution. Croizat in his last mammoth work 
(1958) describes, very aptly, evolution as 
including three factors: time, space, and 
form-making. Therefore, if classification 
is to correspond with evolution, it must 
be based on time, space, and holomorph 
(defined below). 

(2) Modern phylogenetic systematics 
emphatically rejects the three principles 
listed above and described by Bigelow as 
“basic tenets of the phylogenetic school.” 
First, the very basic principle of phyloge- 
netic systematics is the assumption that 
“similarity is not synonymous with blood 
relationship” (Hennig, 1950). Second, 
paleontological evidence is one of the 
main sources for constructing phyloge- 
netic schemes, for the absolute value of 
taxa is based on their geological age 
(Hennig, 1950). Third, the degree of 
common descent must be established by 
using as many characters as possible, 
temporal, spatial, and individual. The 
last are being grouped together under 
the name of holomorph (=Gestalt) (Hen- 
nig, 1950), and include morphologic, ana- 
tomic, embryologic, physiologic with 
ecologic, ethologic, genetic, biochemical, 
and serologic features, in so far as they 
are known. The basic unit of a phyletic 
series is an individual considered at every 
moment of its existence (semaphoront of 
Hennig, 1950), as eg. egg—larva— 
nymph—imago of an insect, at the vari- 
ous moments of these stages. Characters 
peculiar to every moment of the life 
of an organism should be accordingly 
taken into consideration. Characters are 
either plesiomorphic (=primitive, gen- 
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eralized, conservative, and so on) or are 
apomorphic (=derived, specialized, pro- 
gressive, and so on), and their value for 
the classification varies according to 
their nature (symplesiomorphy, syna- 
pomorphy, autapomorphy, etc.; see Hen- 
nig, 1950). 

The conclusion is that what Bigelow 
calls the “phylogenetic school” has noth- 
ing to do with phylogeny, and is in fact 
what Old World biologists call the “typo- 
logic school,” i.e., based on typology of 
idealistic morphology. See discussions in 
Henning (1950), Danser (1950), and 
Bloch (1956). 

Most of the biologists who consider 
themselves to be phylogeneticists are 
typologists. In fact, the first “basic 
tenet” mentioned by Bigelow (“similarity 
corresponds with recency of common an- 
cestry”) may be considered as the very 
basic principle of the typologic school, in 
radical opposition to the modern phylo- 
genetic school. Almost all existing clas- 
sifications are actually a mixture of typo- 
logic and phylogenetic features, with the 
former vastly predominating. Neverthe- 
less, all of them are meant as “natural” 
classifications. Bloch (1956: 121) points 
out that idealistic morphology is contami- 
nated (in most cases unconsciously) with 
metaphysics, because what Troll (1948) 
calls a “gestalthafter Sicht” is placed in 
direct relation with purely scientific re- 
search, and is sometimes even considered 
as the explicative principle or law ruling 
physiologic phenomena. Some _ typolo- 
gists, e.g., Danser (1950: 159) are honest 
enough not to claim any “historical real- 
ity” for their classifications. Most are, 
however, unconscious of the true nature 
of their principles and quite honestly be- 
lieve they are engaged in “phylogenetic” 
work. 

Hennig’s book (1950) on the principles 
of phylogenetic systematics opened a 
new epoch in classification. Unfortu- 
nately, it is not generally available, hence 
Hennig’s later papers (1953, 1954, 1957) 
are mentioned. Hennig’s theory has been 
applied by himself (1953, 1954, 1957- 


1959) and by Kaestner (1954-1959) 
hence appears quite workable. The mod. 
ern theory of phylogenetic systematics js 
now being taught in certain European 
universities (e.g., in Berlin); in Belgium 
it has been taught these last three years 
at the University of Ghent, where my 
manual (Kiriakoff, 1956) is in use. — 

It is a pity that modern phylogenetic 
systematics seems to be quite unknown 
in the United States. Many of the discys. 
sions one sees in journals seem to us here 
distinctly outdated, because what js 
called “The New Systematics” is in fact 
confined to the species complex and the 
higher taxa are still lagging far behind. 
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